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Interact ions  of 60 GeV/c  g - - m e s o n s  with nucleons of the nuclear  emuls ion have been studied. Average 
prong number  in ?T--proton col l is ions is 6.64 =L 0.16. The major i ty  of secondary  pa r t i c les  a re  emit ted 
into the forward hemisphe re  in the y -  -proton CM sys tem especia l ly  in low-mult ipl ic i ty  events.  

T h i s  p a p e r  d e s c r i b e s  s o m e  g e n e r a l  c h a r a c t e r -  
i s t i c s  of n -  - p r o t o n  i n t e r a c t i o n s  a t  60 GeV/c  ob -  
t a i n e d  by the  c o l l a b o r a t i o n  o r g a n i z e d  by the  E m u l -  
s i o n  C o m m i t t e  of t he  J o i n t  I n s t i t u t e  f o r  N u c l e a r  
R e s e a r c h .  P r e l i m i n a r y  r e s u l t s  of t h i s  w o r k  w e r e  
r e p o r t e d  in  r e f .  1 a n d  2. C o h e r e n t  i n t e r a c t i o n s  of 
60 G e V / c  n -  - m e s o n s  w i th  e m u l s i o n  n u c l e i  a r e  
d e s c r i b e d  in  a n o t h e r  p a p e r  [3]. 

Exper imenta l .  S e v e r a l  s t a c k s  of N.I . I .  K h i m .  

* On leave of absence  f rom the Phys ica l -Techn ica l  
Inst i tute ,  Dushambe,  USSR 

F o t o  B r - 2  e m u l s i o n  h a v e  b e e n  i r r a d i a t e d  by 
(60 J: 1) GeV/c  n- - m e s o n s  a t  the  S e r p u k h o v  a c -  
c e l e r a t o r .  T h e  a d m i x t u r e  of m u o n s  and  e l e c -  
t r o n s  w a s  a b o u t  3%, t h a t  of k a o n s  l e s s  t h a n  1%. 
T y p i c a l  d i m e n s i o n s  of a s t a c k  w e r e  20 × 1 0 c m  2 x 
x 100 x 0 .06 cm.  A s i m i l a r  i r r a d i a t i o n  h a s  b e e n  
p e r f o r m e d  a t  45 GeV/c ,  h o w e v e r ,  t he  s t a t i s t i c  
o b t a i n e d  w a s  m u c h  s m a l l e r  a n d  the  c o r r e s p o n d -  
ing  r e s u l t s  wi l l  be  q u o t e d  be low on ly  f o r  c o m p a -  
r i s o n .  

S t a r t i n g  c l o s e  to t he  e n t r a n c e  of the  p ion  b e a m  
in to  t he  e m u l s i o n  ( ~  1.5 cm)  a n  a l o n g - t h e  t r a c k  

237 



Volume 31B, number  4 P H Y S I C S  LETTERS 16 February 1970 

s c a n n i n g  fo r  i n e l a s t i c  i n t e r a c t i o n s  h a s  b e e n  p e r -  
f o r m e d .  Of a l l  the  e v e n t s  found  d u r i n g  the  s c a n -  
n i n g  the  fo l l owing  h a v e  not  b e e n  u s e d  f o r  the  c a l -  
c u l a t i o n  of the  i n e l a s t i c - i n t e r a c t i o n  l e n g t h  h in t :  

i) e v e n t s  wi th  a s i n g l e  r e l a t i v i s t i c  t r a c k  d e -  
f l e c t e d  by l e s s  t han  10 m r a d  ( t h e s e  a r e  m o s t l y  
e l a s t i c  s c a t t e r s  on e m u l s i o n  u u c l e i ) ,  

i i )  k n o c k - o n  e l e c t r o n s ,  
i i i )  e l e c t r o n  p a i r s  on b e a m  t r a c k s .  
S c a n n e d  l eng th ,  n u m b e r  of e v e n t s  found and  

the  v a l u e s  of ;~int o b t a i n e d  t a k i n g  in to  a c c o u n t  the  
c o r r e c t i o n  fo r  the  b e a m  c o n t a m i n a t i o n  a r e  s h o w n  
in  t a b l e  1. T h e  e r r o r s  s h o w n  h e r e  a r e  s t a t i s t i c a l  
on ly  w h i l e  the  s y s t e m a t i c  o n e s  h a v e  b e e n  e s t i -  
m a t e d  to be  a t  m o s t  of s i m i l a r  m a g n i t u d e .  A c o m -  
p a r i s o n  of o u r  r e s u l t s  wi th  Xin t =(40.4  + 1 . 0 ) c m  
o b t a i n e d  a t  16 G e V / c  s h o w s  t h a t  t h e r e  i s  no c o n -  
s i d e r a b l e  c h a n g e  of the  i n e l a s t i c  p i o u - n u c l e o n  
c r o s s  s e c t i o n  b e t w e e n  16 and  60 G e V / c .  

I n t e r a c t i o n s  wi th  f r e e  and  q u a s i - f r e e  n u c l e o n s  
h a v e  b e e n  s e l e c t e d  a s  t h o s e  wi th  a t  m o s t  one  s low 
c h a r g e d  p a r t i c l e  a p p e a r i n g  a s  a b l a c k  o r  g r e y  
t r a c k  in  the  f o r w a r d  l a b o r a t o r y  h e m i s p h e r e  and  
w i t h o u t  a v i s i b l e  r e c o i l  n u c l e u s .  N u m b e r  of 
e v e n t s  s e l e c t e d  a c c o r d i n g  to t h e s e  c r i t e r i a  a r e  
a l s o  s h o w n  in  t a b l e  1. T h e y  r e p r e s e n t  a b o u t  19% 
of a l l  i n t e r a c t i o n s  in  the  e m u l s i o n .  F o r  e v e n t s  
w i th  a n  e v e n  p r o n g  n u m b e r  n c h  ( ' ~ -  - p ' )  t h e r e  
w a s  a n  a d d i t i o n a l  c r i t e r i o n  of the  a b s e n c e  of an  
a c c o m p a n i n g  e l e c t r o n .  N e a r l y  40% of t h e m  c o r -  
r e s p o n d  to c o l l i s i o n s  wi th  f r e e  p r o t o n s  ( i .e .  t he  
n u c l e i  of the  e m u l s i o n  h y d r o g e n ) ;  the  r e m a i n i n g  
o n e s  a r e  c o l l i s i o n s  wi th  q u a s i - f r e e  p r o t o n s  of 
the  e m u l s i o n  n u c l e i .  E v e n t s  wi th  an  odd p r o n g  
n u m b e r  r ich wi l l  be  c a l l e d  "Tr- - n "  and  c o r r e s p o n d  
to c o l l i s i o n s  w i th  q u a s i - f r e e  n e u t r o n s  wi th  s o m e  
a d m i x t u r e  of c o h e r e n t  i n t e r a c t i o n s  [3]. T h e r e -  
f o r e ,  in  t h i s  w o r k  we s h a l l  d e a l  m a i n l y  w i t h  
"~-  - p "  e v e n t s  w h i c h  r e p r e s e n t  a m o r e  p u r e  s a m -  
p le  of lr- - n u c l e o n  i n t e r a c t i o n s  t h a n  "Tr- - n "  e v e n t s .  

Table 1 

P r i m a r y  momentum 60 GeV/c 45 GeV/c 25 GeV/c 

Traced  length (m) 3147 512 

No of events found 7012 1196 

Xint(Cm) 43.7 +0.6 41.3±1.3 - 

No of y - - n u c l e o n  1332 233 events 

I uncor-  5 .41 i0 .12  4.90~0.23 - <rich) rected 

for"Tr--n" cor- 6.24 ±0.15 5.23±0.27 - 
rected 

"?r--P" I <nch) 6.64~0.16 6.10±0.28 4.87±0.07 
<nch~/<r n 2.12±0.10 2.20±0.16 2.30±0.09 

Prong number distribution. Our  p r o n g - n u m b e r  
d i s t r i b u t i o n  fo r  45 G e V / c  and  60 GeV/c i s  s h o w n  
in  f ig.  1. T h e  p r o n g  n u m b e r  d i s t r i b u t i o n  o b t a i n e d  
by E l b e r t  e t  a l . [4]  a t  25 G e V / c  i s  a l s o  shown.  In 
ou r  d i s t r i b u t i o n  a n  o v e r a b u n d a n c e  of n c h  = 3 
e v e n t s  i s  c l e a r l y  s e e n  a p a r t  f r o m  the  f a i r l y  
s m o o t h  d i s t r i b u t i o n  p e a k i n g  a t  r ich = 5 - 6. T h i s  
o v e r a b u n d a n c e  i s  i n t e r p r e t e d  in  t e r m s  of the  c o -  
h e r e n t  i n t e r a c t i o n s  i m i t a t i n g  "n -  - n "  e v e n t s  [3]. 
T h e  a v e r a g e  m u l t i p l i c i t i e s  a r e  s h o w n  in  t a b l e  1 f o r  
"~-  - p "  e v e n t s  a s  w e l l  f o r  "~-  - n "  e v e n t s  w i th  and  
w i t h o u t  c o r r e c t i o n  fo r  the  c o h e r e n t  e v e n t s .  T h e  
e r r o r s  g i v e n  h e r e  a r e  p u r e l y  s t a t i s t i c a l  and  the  
s y s t e m a t i c  o n e s  a r e  of s i m i l a r  m a g n i t u d e .  S ince  

~--nucleon at 60 G e V / c  
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Fig. 1. Prong number  dis t r ibut ion for: 
a) 7r- -nucleon events in emuls ion at 60 GeV/c, 
b) y -  -nucleon events in emuls ion at 45 GeV/c, 
c) 7r- -p events  in the hydrogen bubble chamber  at 25 

GeV/c. After Elber t  et al. [4]. 
Dashed and c ro s s -ha t ched  a reas  cor respond to "Tr--n" 

and coherent  events ,  respect ively .  

238 



Volume 31B, number 4 P H Y S I C S L E T T E R S 16 February 1970 

in major i ty  of cases  we a re  deal ing with bound 
nucleons the ave rage  va lues  may be s l ight ly ove r -  
es t imated .  The shape, however ,  of our mul t ip l i -  
city d is t r ibut ion  appea r s  to be s i m i l a r  to those at 
lower  energy.  This  can be i l lus t r a t ed  by the con- 
s tancy of the ra t io  (nch)/a  n where  ~n is  a d i spe r -  
sion of the p rong-number  dis t r ibut ion.  The values  
of this ra t io  a r e  a lso  shown in table 1. 

A compar i son  of our ave rage  mul t ip l ic i ty  
(nch} in "~-  -p "  events  with the hydrogen-bubble-  
chamber  ones at lower  energy  [4 - 9 ]  is shown in 
fig. 2. Our r e s u l t s  s e e m  to p r e f e r  the (nch}CC~'35 
dependence but, s ince  they can be overestima~'ed,  
the logar i thmic  dependence cannot be ru led  out. 

Angular distribution of secondary particles. 
The angular  d is t r ibut ion  of r e l a t i v i s t i c  second-  
a r i e s  in cos 0CM- coord ina tes  is  shown in fig. 3. 
It i s  seen that pions a r e  emi t ted  predominant ly  
into the fo rward  hemi sphe re  in the ~- -nucleon 
CM sys tem.  The s t ronges t  forward  a s y m m e t r y  
is  obse rved  at the lowest  mul t ip l ic i t i es .  With the 
i nc r e a s ing  mul t ip l ic i ty  the a s y m m e t r y  d e c r e a s e s  
but r e m a i n s  s ignif icant .  Only in the h ighes t -mu l t i -  
pl ic i ty  s t a r s  (rich >/14) is  the angular  d is t r ibut ion  
s y m m e t r i c  (but s t i l l  an isot ropic) .  

Qual i ta t ively  s i m i l a r  r e su l t s  were  obtained 
prev ious ly  at lower ene rg i e s  (cf ABBCCHW col -  
labora t ion  [5]). 
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Fig. 2. Average prong number (nch) in ~- -p coll isions 
as a function of the total p r imary  energy E~C9 ~ in CM 
system and of the primary momentum #o. 
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number of the remaining ones is shown in each distr i-  
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T h e  a u t h o r s  w o u l d  l ike  to e x p r e s s  t h e i r  g r a t i -  
t ude  to  t he  w h o l e  s t a f f  of  t he  a c c e l e r a t o r  of  t h e  
I n s t i t u t e  of  H i g h  E n e r g y  P h y s i c s  a t  S e r p u k h o v ,  
in  p a r t i c u l a r  to M r .  S. D e n i s o v ,  M r .  L .  L a n d s b e r g  
a n d  M r .  A. Z a y t s e v  f r o m  t h e  E x p e r i m e n t a l  
P h y s i c s  D e p a r t m e n t  f o r  t h e i r  k ind  s u p p o r t  a n d  
c o l l a b o r a t i o n  w i t h o u t  w h i c h  t h i s  e x p e r i m e n t  
w o u l d  no t  h a v e  b e e n  p o s s i b l e .  T h e  a u t h o r s  a r e  
a l s o  t h a n k f u l  to D r .  S . I .  L u b o m i l o v  f r o m  the  
J o i n t  I n s t i t u t e  f o r  N u c l e a r  R e s e a r c h  f o r  t he  e x -  
c e l l e n t  p r o c e s s i n g  of  t he  e m u l s i o n .  T h e  l a r g e  
a m o u n t  of  w o r k  p e r f o r m e d  by o u r  s c a n n i n g  t e a m s  
i s  g r e a t f u l l y  a c k n o w l e d g e d .  
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