
large events in the azimuthal angle region away from the trigger 
(fall line). Also shown is the equivalent distribution for 
uncorrelated pairs obtained by combining secondaries from different 
events. In both cases only secondaries with p^ > 0.6 GeV/c were 
entered. Figs 10(c and d) show a normalized rapidity difference 
distribution obtained by taking the ratio of the distributions 
of figs 10(a and b) respectively, to the background distributions 
of these figures [3], 

0 1 2 3 A 

Fig. 11 Normalized rapidity difference for secondaries of opposite charge 

with p > 0.3 GeV/c (fig. 11 (a)) and P j L > 0.9 GeV/c (fig. 11 (b)) 

(31. 

Fig. 12 The distribution of the number of secondaries per event emitted 
in the away direction versus the reduced transverse momentum 

P,/p, • Three sets of points correspond to three values of 
ntum of the triggering particle. Only particles 

with the momentum component perpendicular to the trigger plane 
smaller than Q.f> GeV/c are plotted. 
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ENERGY PROTON-PR0TON C O L L I S I O N S 

P . D a r r i u l a t , P . D i t t m a n , K . E g g e r t , M . H o l d e r , K . T . 
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L a r g e t r a n s v e r s e momentum p r o d u c t i o n o f 

p h o t o n s h a s b e e n t h e o b j e c t o f many i n v e s t i g a -

t i o n s ' ' . H o w e v e r , no s y s t e m a t i c i n v e s t i g a ­

t i o n c o n c e r n i n g t h e s o u r c e o f t h e o b s e r v e d 

p h o t o n s h a s b e e n made and i t h a s b e e n g e n e r a l l y 

a s sumed t h a t t h e y a r e t h e p r o d u c t s o f o r f£ 

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

we r e p o r t on a s i m u l t a n e o u s measurement o f the 

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

p r o d u c e d i n p r o t o n — p r o t o n c o l l i s i o n s o f t o t a l 

c . m . e n e r g i e s - 45 and 53 G e V . 

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

s c o p e l o c a t e d a t 9 0 ° p r o d u c t i o n a n g l e i n a n 

i n t e r s e c t i o n r e g i o n o f CERN I S R . I t s p r o p e r t i e s 

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

i n p r e v i o u s p u b l i c a t i o n s . The d i s t a n c e to 

t h e beam i n t e r s e c t i s 3 . 6 2 m, c o r r e s p o n d i n g to 

a s o l i d a n g l e a c c e p t a n c e o f 0 . 0 5 s r . To a n a l y s e 

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

g l a s s a r r a y , ire r e d u c e i t t o a number o f 

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

s i g n i f i c a n t l y a b o v e z e r o . I n t h e f o l l o w i n g t h e 

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

a s number o f o b s e r v e d p h o t o n s . The q u e s t i o n o f 

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

i n l a t e r p a r a g r a p h s . 

The s p a c e a r o u n d t h e beams i s c o v e r e d 

by a l a r g e a c c e p t a n c e m a g n e t i c s p e c t r o m e t e r , 

t h e S p l i t F i e l d M a g n e t F a c i l i t y , w h e r e c h a r g e d 

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

l e a d g l a s s t r i g g e r a r e d e t e c t e d « 

E v e n t s were r e c o r d e d when t h e y s i m u l t a n e o u s ­

l y s a t i s f i e d two c o n d i t i o n s : a n e n e r g y d e p o s i ­

t i o n a b o v e a n a d j u s t a b l e t h r e s h o l d ( u s u a l l y 

1 . 4 GeV) i n t h e l e a d g l a s s c o u n t e r and t h e 

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

e i t h e r i n t h e SFM w i r e chambers o r i n each of 

A4-6 



two s c i n t i l l a t i o n h o d o s c o p e s p o s i t i o n e d a t 

s m a l l a n g l e s to t h e beam l i n e s . The s e c o n d 

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

a r e p r o d u c e d in a g e n u i n e beam—beam i n t e r a c ­

t i o n w h i l e it may c a u s e a l o s s o f a t most 10$ 

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

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

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

i n v o l v e s t h r e e o p e r a t i o n s : t h e measurement o f 

t h e y i e l d o f °S ( i d e n t i f i e d a s p h o t o n 

p a i r s w i t h c o r r e c t i n v a r i a n t m a s s ) 3 a c a l c u l a ­

t i o n o f t h e s i n g l e p h o t o n y i e l d e x p e c t e d f r o m Ji* 

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

r e d TiC c r o s s s e c t i o n ) and t h e measurement 

o f t h e s i n g l e p h o t o n y i e l d i t s e l f . 

A p p l y i n g t h i s method t h e a c c u r a t e k n o w ­

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

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

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

c a r r i e s most o f t h e e n e r g y o f i t s p a r e n t JT° 

(87$ on t h e a v e r a g e ) w h i l e p h o t o n s f r o m a r e s o l d 

v e d p h o t o n p a i r c a r r y a b o u t h a l f o f t h e J I ° 

e n e r g y . T h e r e f o r e we p e r f o r m e d e x t e n s i v e s t u d i e s 

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

d i s c u s s e d i n o u r s u b s e q u e n t p a p e r ' ( * 

I n o r d e r t o d e t e r m i n e t h e i n c l u s i v e 

s p e c t r u m we s e l e c t a p u r e s a m p l e o f JC $ % 

d e c a y s by t h e f o l l o w i n g s e l e c t i o n c r i t e r i a : we 

r e t a i n o n l y "symmetr ic p a i r s " i . e . 

"* \ ^ - E 2 \ / l t ^ E z ) < O S w h e r e E L 

r e p r e s e n t s t h e m e a s u r e d e n e r g y o f the p h o t o n . 

We r e q u i r e t h e d i s t a n c e b e t w e e n t h e p h o t o n 

i m p a c t s t o b e l a r g e r t h a n 27 cm and t h e i n v a r i a n t 

mass Ha o f t h e p h o t o n p a i r t o l i e w i t h i n t h e 

2 
r a n g e 50 < m < 200 M e V / c • When more t h a n 

two c l u s t e r s a r e d e t e c t e d i n t h e l e a d g l a s s 

a r r a y ( i n 8$ o f t h e c a s e s ) we t a k e t h e p a i r 

w i t h t h e h i g h e s t t o t a l enexgjm The b a c k g r o u n d 

due t o w r o n g p a i r i n g i s e s t i m a t e d f r o m 3 c l u s ­

t e r e v e n t s t o b e l e s s t h a n 2$« 

P h o t o n c o n v e r s i o n s i n t h e vacuum p i p e and 

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

l o s s o f e v e n t s w h i c h i s e s t i m a t e d b y Monte 

C a r l o c a l c u l a t i o n s t r a c k i n g i n t h e inho— 

mo gene ous SFM f i e l d t o b e o f 15 hk 3 $ . 

The r e s u l t i n g i n v a r i a n t c r o s s s e c t i o n s 

a r e d i s p l a y e d i n f i g u r e 1 ( o p e n c i c l e s ) t o g e t h 

e r w i t h the d a t a o f r e f , 8 f o r ^ I 4 " ( f u l l 

c i r c l e s ) and 31 ( c r o s s e s ) . 

F i g . l 

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

t h a t t h e J l - s p e c t r u m l i e s somewhere i n 

b e t w e e n t h e and o n e s . 

S e l e c t i n g s i n g l e p h o t o n s we r e t a i n t h o s e 

e v e n t s w h e r e a c l u s t e r i s d e t e c t e d i n t h e l e a d 

g l a s s a r r a y either a l o n e o.r? in 2®8$ o f t h e 

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

o f l e s s t h a n 1 0 0 MeY e n e r g y * T h i s r e q u i r e m e n t 

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

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

i n d e p e n d e n t c l u s t e r must b e c o r r e c t e d f o r . From 

t h e r a t e o f o c c u r e n c e o f a s y m m e t r i c ( ^ 0 . 5 ) 

p h o t o n p a i r s we e x p e c t t h i s l o s s t o b e o f t h e 

o r d e r o f 8%. 

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

m a t e r i a l b e t w e e n t h e i n t e r a c t i o n r e g i o n and 

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

l o s s o f 5 t o 10$ d e p e n d i n g u p o n e n e r g y . We 

compared t h e o b s e r v e d and c a l c u l a t e d f r a c t i o n s 

o f e v e n t s w i t h a t r a c k d e t e c t e d i n t h e SFM w i r e 

chambers and p o i n t i n g t o a c l u s t e r i n t h e l e a d 

g l a s s c o u n t e r . E l e c t r o n s and p o s i t r o n s a r e 

e x p e c t e d t o c o n t r i b u t e 1 . 5 $ e a c h . I n f a c t we 

o b s e r v e 2$ p o s i t i v e t r a c k s b u t a l a r g e r 

f r a c t i o n , 6$ o f n e g a t i v e t r a c k s . We t e n t a t i v e l y 

a t t r i b u t e the e x c e s s t o a n t i p r o t o n s w h i n h may 
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deposit much more than their kinetic energy 

when they annihilate in the lead glass. This 

"brings up the question of the antineutron 

contamination, oyer which we hare no direct 

control since antineutrons leave no track in 

the SFM wire chambers. For this reason we 

restrict the range of our analysis to momenta 
cru 

larger than - 2.8 GeV/c, above which 

value the contamination of p and w 

with - 0.5 GeV/c is negligible. In this 

high momentum range we calculate the combination 

of H to be about 11$ of the whole single 

photon yield assuming that p and ^ are 

produced with the same cross section. 

Radiative decays of particles other than 

*ÏÏ*'Salso enrich the single photon sample. The 

largest contribution is expected from (̂(f 

decays, for which the inclusive production 

cross section has been measured in previous 

experiments Z 1 * 2 / . By ^ decays we can 

explain 12-13$ of the observed single photon 

spectrum. Radiative decays from other known 

particles, such as U) and , are expected 

to give negligible contribution due to their 

small branching ratios. 

Pt

cm (GeV/c) 

The ratio between the single photon 

yield in excess to that from Je ° and ^ â e -

cays and the Tk° yield itself is displayed 

in figure 2 in the momentum interval 2.8 GeV/c < 

<• Ç\ < 3.8 GeV/c . It typically amounts to 

20$ for both values of \f~5 . To quote an 

uncertainty on this number we separate that 

coming from the energy response curve, which 

amounts to + 7$, from that coming from all 

other sources, including statistics, and which 

amounts to + 6$. 

While this is the first time that a copius 

production of single photons is mentioned in 

proton-proton collisions, it had previously 

been reported in a large ^ photoproduction 

experiment . 
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