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Coherent product ion of par t i c les  in pro ton-  
nucleus  col l is ions  is much less  well known 
than in pion in te rac t ions  (cf. the review paper  
by Bingham [1]). The main  cha rac t e r i s t i c s  of 
this p rocess  do not depend on the na ture  of the 
incident  par t ic le .  Due to low four -momentum 
t r a n s f e r  there  is ne i ther  des t ruc t ion ,  excitat ion,  
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n o r  v i s i b l e  r e c o i l  of the  t a r g e t  nuc leus .  S e c o n d a r y  
p a r t i c l e s  a r e  s t r o n g l y  c o l l i m a t e d  in the  l a b o r a -  
t o r y  s y s t e m .  B a r y o n  n u m b e r ,  s t r a n g e n e s s ,  
i s o s p i n  and c h a r g e  of the  c o h e r e n t l y  p r o d u c e d  
s y s t e m  a r e  the  s a m e  as  t h o s e  of the  inc iden t  
p a r t i c l e .  F o r  p r o t o n  c o h e r e n t  i n t e r a c t i o n s ,  
c o n t r a r y  to t h o s e  induced  by p ions ,  G - p a r i t y  
g i v e s  no r e s t i r c t i o n  on the  n u m b e r  of s e c o n -  
d a r i e s .  T h e r e f o r e  the  fo l lowing  c o h e r e n t  r e a c -  
t i ons  can  o c c u r :  

p + A ~ p ~ ° + k ~ ° +  A (1) 
one  - p r o n g  

p + A -~ n~ + +k~ ° + A (2) 

p+  A ~ p ~ + ; r -  +k.~o+ A (3) 
t h r e e  - p r o n g  

p + A ~ r~+Tr +Tr - +kTrO + A (4) 

p + A ~ p~+~+~ -~ - + kn o+ A (5) 
f i ve  - p r o n g  

p + A ~ nTr+Tr+Tr+Tr-;r- + k~O + A (6) 

e tc ,  w h e r e  A i s  a t a r g e t  nuc l eus  in i t s  g round  
s t a t e  and k = 0, 1 ,2 ,  3 . . . .  

In  th i s  l e t t e r  c o h e r e n t  i n e l a s t i c  i n t e r a c t i o n s  
of 67 G e V / c  p r o t o n s  a r e  d e s c r i b e d .  They  w e r e  
s t u d i e d  in n u c l e a r  e m u l s i o n  by th is  c o l l a b o r a t i o n  
u n d e r  the  a u s p i c e s  of the  E m u l s i o n  C o m m i t t e e  
of the  J o i n t  I n s t i t u t e  fo 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  w e r e  r e p o r t e d  at  the  
A m s t e r d a m  I n t e r n a t i n a l  C o n f e r e n c e  on E l e m e n t -  
a r y  P a r t i c l e s  [2]. The  d e t a i l s  of the  e x p e r i m e n t  
can  be  found in the  p r e c e e d i n g  p a p e r  [3]. 
Prong number distribution. On 3057m of p r o -  
ton t r a c k s  1473 s o - c a l l e d  p r o t o n - n u c l e o n  
i n t e r a c t i o n s  w e r e  found. T h e s e  a r e  s t a r s  wi th  
at  m o s t  one 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  (usua l ly  a s low r e c o i l  p ro ton)  and 
wi thout  a v i s i b l e  r e c o i l  nuc leus .  The  r e a d e r  
shou ld  be  r e m i n d e d  h e r e  that  in e m u l s i o n  one 
can  c b s e r v e  f a i r l y  s low r e c o i l s  ( ~  0.2 MeV 
p r o t o n s  and - 1 MeV c a r b o n  nucle i ) .  C o h e r e n t  
i n t e r a c t i o n s  (1) - (6) a r e  a m o n g  the  s o - s e l e c t e d  
e v e n t s ,  wi th  nch = 1, 3 and 5. The  p r o n g  n u m -  
b e r  rich d i s t r i b u t i o n  of ou r  p r o t o n - n u c l e o n  i n t e r -  
a c t i o n  is  shown in fig.  1. An o v e r a b u n d a n c e  of 
r ich = 1 and rich = 3 s t a r s  i s  s e e n  with r e s p e c t  
to any s m o o t h  d i s t r i b u t i o n  s t a r t i n g  f r o m  no 
e v e n t s  at rich = 0 and p e a k e d  at r ich = 6, a s  could  
be  e x p e c t e d  fo r  genu ine  p r o t o n - n u c l e o n  i n t e r -  
ac t ion .  The  p r o n g - n u m b e r  d i s t r i b u t i o n  of the  
" c l e a n "  s t a r s ,  i . e .  t hose  with  n e i t h e r  a s low 
p a r t i c l e  (g rey  t r a c k )  n o r  an a c c o m p a n y i n g  
e l e c t r o n  (which cou ld  c o m e  f r o m  the  e x c i t a -  
t i on  of the  t a r g e t  nuc leus )  i s  a l s o  shown in 
f ig.  1. C o h e r e n t  s t a r s  m u s t  be  obv ious ly  "c lean" .  

I t  i s  e s s e n t i a l l y  the  " c l e a n "  e v e n t s  which  p r o d u c e  
the  e x c e s s  of rich = 1 and rich = 3 s t a r s .  F o r  
rich >/ 5 t h e r e  a r e  s y s t e m a t i c a l l y  m o r e  " c l e a n "  
p - p  than  p - n  i n t e r a c t i o n s  which  i s  c o n n e c t e d  
wi th  the  p r e s e n c e  of the  e m u l s i o n  hydrogen .  At  
s m a l l e r  v a l u e s  of rich we s e e  j u s t  the  o p p o s i t e ,  
th i s  be ing  c o n n e c t e d  with  a s t r o n g  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  in rich = 1 and rich = 3 
even t s .  A rough  e s t i m a t e  of the  n u m b e r  of the  
c o h e r e n t  t h r e e - p r o n g  e v e n t s  N 3 can  be  m a d e  
a s s u m i n g  a l i n e a r  i n c r e a s e  in the p lo t  d N / d n c h  
v e r s u s  rich in the  r e g i o n  of rich = 2, 3 and 4. 
N3  = 82 + 14 wa e s t i m a t e d  in  th is  way. The  
r e a l  v a l u e  of N3 wi l l  be  e v e n  l a r g e r  i f  t h e r e  
a r e  m o r e  p - p  than  p - n  e v e n t s  a l s o  in th i s  
r e g i o n  of nch .  
Three-prong coherent events. F o l l o w i n g  the  
l ine  of a n a l y s i s  u s e d  in our  w o r k  on p ion  
c o h e r e n t  i n t e r a c t i o n s  [4] we s tud ied  the  d i s -  
t r i b u t i o n  of the  p a r a m e t e r  ~ 3 =  1 s in  ~) i" 
T h i s  p a r a m e t e r ,  r e p r e s e n t i n g  the  d e g r e e  of 
c o l l i m a t i o n  of the  s e c o n d a r i e s ,  i s  r ough ly  
p r o p o r t i o n a l  to the  l o n g i t u d i n a l - m o m e n t u m  
t r a n s f e r  q,~ to the  t a r g e t  nuc l eus  [5]. The  
r e s t r i c t i o n  q ii ~< ~ / R A  (R A b e i n g  the  r a d i u s  
of the  e m u l s i o n  nuc leus )  c o r r e s p o n d  to l i m i t i n g  
~ 3 = 1  s in  the  v a l u e s  0 .2 -0 .4 .  It  i s  6ibY s e e n  
in fig. 2. that  th i s  i s  the  c a s e  fo r  the  m a j o r i -  
ty of the  " c l e a n "  t h r e e - p r o n g  s t a r s .  

Of c o u r c e  not a l l  " c l e a n "  t h r e e - p r o n g  e v e n t s  
wi th  ~ = 1  s i n e / <  0.3 a r e  c o h e r e n t .  In o r d e r  to 

( '  

2 # 6 8 to 12 f~ 16 /a 20 ~ 

Fig. 1.. Prong-number distribution of proton-nucleon 
interactions at 67 GeV/c. The hatched distribution 

corresponds to the "clean"events.  
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103 + 14. I t  shou ld  be  po in ted  out tha t  th i s  
e s t i m a t e  wi l l  be  p r a c t i c a l l y  the  s a m e  if  one 
m o v e s  f r o m  0.3 down to 0.15 o r  up to 0.5. A 
c o n s i s t e n c y  b e t w e e n  N~ and N 3 i s  a l s o  to be  
noted,  The  v a l u e  ef  N 3' c o r r e s p o n d s  to 
;~67p = +5.5 
f3r6 the (29. 6_3.5 )m as  the  i n t e r a c t i o n  l e n g t h *  

t h r e e - p r o n g  c o h e r e n t  r e a c t i o n  in n u c l e a r  
emu l s ion .  F o r  60 G e V / c p i o n s  [4] the  r e l e v a n t  
v a l u e  is  h 60~ = (16.5 _+~:3 )m. The  d i f f e r e n c e  
can  be  i n t e r p r e t e d  in t e r m s  of the  d i f f e r e n t  
a b s o r p t i o n  of the  i n c o m i n g  and outgoing  waves .  
The  c r o s s  s e c t i o n  on a nuc leon  i s  m u c h  l a r g e r  
fo r  a p r o t o n  than that  fo r  a p lan  and the  s a m e  is  
p r o b a b l y  t r u e  fo r  the  p u + u - - s y s t e m  as  c o m p a r e d  
with~+Tr-~ - -  cf. r e f s [ 6 ]  and[7]~. Our  va lue  
of h~Tp is  m u c h  s m a l l e r  than h30P = (63 ± 12)m 
obta ined  p r e v i o u s l y  at l o w e r  e n e r g y  u s ing  the  
s a m e ~ 3 =  1 s in  0 i m e t h o d  [8]. An i n c r e a s e  in 
the  c o h e r e n t  c r o s s  s e c t i o n  with i n c r e a s i n g  in -  
c o m i n g  m o m e n t u m  has  a l so  b e e n  o b s e r v e d  p r e -  
v ious ly  fo r  inc iden t  p l ans  [4]. 

', ,dirty" three-pronq ~tars 
'~ ~hich certainly are not 

coherent +28 events 
5 !_ eith ,~sin ~>0.8 

~t d.2 o.3 o.+ o5 o6 o7 a8 

i . f  

Fig. 2. Comparison of the ~ = 1 sin 0~distribution 
between "clean" (upper figure) and "dirty ~ (lower 
figure) three-prong stars .  The vert ical  line at 
Ni3-- 1 sin 0g = 0.3 shows the limit below which coherent 

events are expected. 

3 0 s u b s t r a c t  the  b a c k g r o u n d ,  ~ i  - 1 s in  i was  
c a l c u l a t e d  a l s o  fo r  t hose  ( ' d i r t y ' )  t h r e e - p r o n g  
s t a r s  which  cannot  be  c o h e r e n t  i. e. 

i) genuine  p - n  i n t e r a c t i o n s  a c c o m p a n i e d  by 
an e l e c t r o n ,  

ii) f o u r - p r o n g  i n t e r a c t i o n s  in which  the  r e -  
c o i l - p r o t o n  t r a c k  has  b e e n  o m i t t e d ,  thus  i m i -  
t a t i ng  t h r e e - p r o n g  p - n  s t a r s .  The  r e c o i l  p r o t o n  
has  b e e n  a s s u m e d  to a p p e a r  as  a g r e y  t r a c k  o r  
- i f  t h e r e  i s  none - a s  l a r g e s t - a n g l e  p a r t i c l e .  
The  l a s t  a s s u m p t i o n ,  i f  un t rue ,  can  l ead  to an 
u n d e r e s t i m a t e  of a n u m b e r  of c o h e r e n t  i n t e r -  
a c t i ons  N~ ob ta ined  be low.  

The  ~ i  3-- 1 s in  0 i - d i s t r i b u t i o n  of the  " d i r t y "  
s t a r s  i s  a l s o  shown in fig. 2. By c o m p a r i n g  
the  n u m b e r s  of e v e n t s  be low and above  the  
v a l u e  of ~ i  ~'~= 1 s in  O i = 0 . 3  we ob ta ined  N~ = 

* For  our emulsion there is the following relation 
between the coherent section (Yeoh per emulsion 
nucleus and coherent-interaction length: 
Gcob(mb) = 207/;~(m). 

,j_q 
d~ 

- - -~ ,  
r' 2" 3 ° 

.cLean" one-prong ~tar4 
which can be coherent 

+106 even& 

npn 

.dirty" one-prong stars 
~hi~ certainly are not 
coherent 

,•, * 98 event~ 
~ith ~ > 6 '  

~ F I  h ~ n  
1" z" a" 4" - s"  k ' ~  

Fig. 3. Comparison of the deflection angle 0 d is t r i -  
bution between "elean"(upper figure) and "dirty" 
(lower figure) one-prong stars .  The vert ical  line at 
0 = 4 ° shows the limit below which coherent events 

are  expected. 
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One -prong coherent  in terac t ions .  L e t  us  now go 
b a c k  to  t he  o."~z'-prong c o h e r e n t  i n t e r a c t i o n s .  In 
o r d e r  to  ge t  r i d  of t he  e l a s t i c  e v e n t s  we c o n s i d e r  
on ly  " c l e a n "  n c h = l  s t a r s  w i t h  d e f l e c t i o n  a n g l e  
s m a l l e r  t h a n  0.6 o, w h i c h  l e a v e s  on ly  ~ 1 e l a s t i c  
e v e n t .  T h e  d e f l e c t i o n  a n g l e s  of t h e s e  e v e n t s  
a r e  c o m p a r e d  in  fig.  3 w i th  t h o s e  of " d i r t y "  
e v e n t s  d e f i n e d  a n a l o g o u s l y  a s  f o r  t h r e e - p r o n g  
s t a r s .  ( T h i s  i s  e s s e n t i a l l y  t he  ~ s i n  0 - a n a l y s i s .  ) 
I t  i s  s e e n  t h a t  t h e r e  a r e  r e l a t i v e l y  f e w e r  s m a l l  
d e f l e c t i o n  a n g l e s  a m o n g  " d i r t y "  i n t e r a c t i o n s .  
In  o u r  t h r e e - p r o n g  c o h e r e n t  i n t e r a c t i o n s  a l a r g e  
m a j o r i t y  of a n g l e s  i s  s m a l l e r  t h a n  4 ° . C o m p a r i n g  
t h e  n u m b e r  of t he  " c l e a n "  a n d  " d i r t y "  o n e - p r o n g  
e v e n t s  b e l o w  and  a b o v e  t h i s  v a l u e  one  o b t a i n s  
N 1 = 46.7 i 13.4.  A g a i n  t h i s  e s t i m a t e  wi l l  no t  
c h a n g e  g r e a t l y  of one  t a k e s  3 ° o r  5 ° a s  t h e  l i m i -  
t i n g  a n g l e .  T h e  a b o v e  v a l u e  of N 1 i s  o b v i o u s l y  
u n d e r e s t i m a t e d  b e c a u s e  s u c h  e v e n t s  c a n  b e  l o s t  
in  s c a n n i n g .  T h e  r e l e v a n t  c o r r e c t i o n  f a c t o r  w a s  
e s t i m a t e d  to b e  of t h e  o r d e r  of 1.5.  T h e n  t he  o n e -  
p r o n g - c o h e r e n t - i n t e r a c t i o n  l e n g t h  b e c o m e s  
;~67p = 45m.  T h i s  i s  s t i l l  o v e r e s t i m a t e d  b e c a u s e  
t h e r e  c a n  be  a c o n s i d e r a b l e  n u m b e r  of c o h e r e n t  
i n t e r a c t i o n s  wi th  d e f l e c t i o n  a n g l e  l e s s  t h a n  0.6 ° , 
a n d  a l l  of t h e m  h a v e  b e e n  e x c l u d e d  as  e l a s t i c  
s c a t t e r s .  I t  s h o u l d  b e  p o i n t e d  out  t h a t  we o b -  
s e r v e  r e a c t i o n s  (1) and  (2) w i th  c r o s s  s e c t i o n  
c o m p a r a b l e  ( t ak ing  i n to  a c c o u n t  t h e  a b o v e - m e n -  
t i o n e d  l o s s e s )  to  t h a t  of t h e  r e a c t i q n s  (3) and  
(4). T h i s  c a n  b e  i n t e r p r e t e d  in  t e r m s  of t h e  
t w o - p a r t i c l e  c o h e r e n t  p r o d u c t i o n  p -~ pTr ° o r  
p ~ nn+. 
Five  -prong coherenl  reac t ions .  F i n a l l y ,  l e t  u s  
c o n s i d e r  t h e  r e a c t i o n s  (5) and  (6). A p p l y i n g  
t h e  s a m e  ~ 5  1 s i n 0 i  a n a l y s i s  t he  v a l u e  N 5 = 
1 3 ± 6  was  o b { ~ n e d .  Due  to low s t a t i s t i c s  we 
t r e a t  t h i s  r e s u l t  on ly  a s  a n  i n d i c a t i o n  t h a t  f i v e -  
p r o n g  c o h e r e n t  r e a c t i o n s  m a y  o c c u r  a t  67 G e V / c .  

T h e  a u t h o r s  a r e  m u c h  i n d e b t e d  to  t he  who le  
s t a f f  of t he  I n s t i t u t e  of High  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  P r o f e s s o r  Yu. D. 
P r o k o s h k i n  and  Dr .  S. D e n i s o v ,  f o r  t h e i r  k i n d  
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 thou t  w h i c h  t h i s  
e x p e r i m e n t  would  not  h a v e  b e e n  p o s s i b l e .  T h e y  
a l s o  e x p r e s s  t h e i r  t h a n k s  to  Dr .  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  f a s t  p r o c e s s i n g  of t he  e m u l s o i n .  T h e  g r e a t  
a m o u n t  of w o r k  done  by  o u r  s c a n n i n g  t e a m s  
i s  g r a t e f u l l y  a c k n o w l e d g e d .  
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