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Interactions of 67 GeV/c protons with nucleons were studied in nuclear emulsion. Average proton-proton 
multiplicity is 6.63 • 0.16. Strong anisotropy of the angular distribution is seen. 

In this l e t t e r  some genera l  c h a r a c t e r i s t i c s  of 
p ro ton-nuc leon  in te rac t ions  at 67 GeV/c  a re  re -  
ported.  They were  studied by the co l labora t ion  
under  the auspices  of the Emuls ion  Commi t t ee  of 
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the Joint  Inst i tute  fo r  Nuc lea r  Resea rch .  P r e -  
l im ina ry  r e su l t s  were  p re sen t ed  at the A m s t e r -  
dam Internat ional  Conference  on E l e m e n t a r y  
p a r t i c l e s  [1]. Coherent  in te rac t ions  of protons  
a r e  desc r ibed  in another  pape r  [2]. 
Exper imen ta l .  An emuls ion  s tack 20 cm x 10 cm 
x 0.065 cm in s ize  was i r r ad i a t ed  by (67±2) GeV/C 
protons  at the Serpukhov a c c e l e r a t o r .  The  ad- 
mix tu re  of pions and kaons in the beam was l e s s  
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than 1%. 
Along- the - t rack  scanning for  nuc lea r  ine las t ic  

in te rac t ions  was per formed  on the total  length 
of 3057 m. The following type of events were 
not used for the calculat ion of the i n e l a s t i c - i n t e r -  
action length Xint: 

i) s t a r s  with single re la t iv i s t ic  t r acks  de- 
flected by l e s s  than 7 mrad  (mostly e las t ic  scat-  
ters) ,  

it) e l ec t ron -pos i t ron  pa i r s  on the beam track,  
iii) knock-on e lec t rons .  
Altogether  8239 inelas t ic  nuc lea r  in te rac t ions  

were found, which cor responds  to ~int = (37.1 + 
0.4) cm, the e r r o r  being pure ly  s ta t i s t ica l .  A 
compar i son  of our resu l t  with hin t = (37.7 + 0.3) cm 
obtained previous ly  [3] at (6 - 28) GeV/c shows 
that there  is no great  chaDge of the inelas t ic  pro-  
ton-nucleon c ross  sect ion up to 67 GeV/c.  

In terac t ions  with f ree  and quas i - f r ee  nucleons 
were  selected as those with at most  one grey 
t rack  (for a proton this cor responds  to kinetic 
energy between 25 MeV and 400 MeV) in the for-  
ward hemisphere  in the labora tory  sys tem and 
without a v is ib le  recoil  nucleus.  For  even-prong-  
number  (p-p) events  there  was the additional c r i -  
te r ion  of the absence of an accompanying e lec t ron  
which could come f rom the excitat ion of the t a r -  
get nucleus.  Altogether  1473 pro ton-nuc leon  in- 
t e rac t ions  were  found, which r ep re sen t  18% of 
all  ine las t ic  nuc lea r  in te rac t ions  in emulsion.  
F rom its composi t ion one can es t imate  that 
nearly half (~45%) of our 685 p-p stars corres- 
pond to collisions with free protons (i.e. emulsion 
hydrogen), the remain, trig ones being collisions 
with quasi-free protons of the emulsion nuclei. 
Odd-prong-number stars (p-n) correspond to col- 
lisions with quasi-free neutrons. As is estimated 
in the following paper  [2], there  is a 25~o admix- 
tu re  of coherent  i n t e r a c b o n s  in our  788 odd-prong 
s ta r s .  There fore  in this l e t t e r  we shall  deal 
mainly  with p-p  events  which r ep re sen t  a pu re r  
sample  of e lementa ry  in te rac t ions  than p -n  events.  
Prong number distribution. The p r o n g - n u m b e r  
nch  d is t r ibut ion  of p ro ton-nuc leon  events  is 
shown in fig.1. An overabundance o fnch  = 3 and 
nch = 1 s t a r s  is in te rpre ted  in t e r m s  of coherent  
in te rac t ions  in another  paper  [2]. The average 
mul t ip l ic i t i es  for p-p  and p -n  in te rac t ions  are  
6.63 + 0.16 and 6.17 + 0.22, respect ively .  (With- 
out co r rec t ion  for the coherent  events the la t te r  
mul t ip l ic i ty  is 5.42 + 0.16. ) 

The average  mul t ip l ic i t ies  for p-p  col l i s ions  
at various total centre-of-mass energies ~CM 
are shown in fig.2. Our point at 67 GeV/c is 
slightly (by~ 0.3) above the power dependence 
<nch } cc E ~1"7 plot describing the hydrogen-bubble- 
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Fig.l. Prong number distribution in proton-nucleon in- 
teractions at 67 GeV/c. The errors fOrnch = 1, 2, 3 
and 5 include uncertainties connected with elastic and 
coherent events. The errors  for the remaining multi- 

plicities are purely statistical. 

chamber data at lower energy [4]. The (nch} 
values obtained by the Echo Lake group [5] at 
cosmic-ray energies up to ~ 300 GeV are lower 
than our average multiplicity. We are aware th~ 
our resu l t  can be affected by the influence of 
bound protons .  E.g. the real t ively  thick tail  of 
high mul t ip l ic i t ies  nch L 10 in our  work indicates  
that our es t imate  of (nch) may be too large .  Low 
energy emuls ion  data [6] on (nch) are  0.2 - 0.3 
higher  than the hydrogen-bubb le -chamber  ones 
at the same energy,  as can be seen in fig.2. On 
the other hand, any inc rease  of the average mul-  
t ipl ici ty in in te rac t ions  with bound nucleons 
should be st ronger  in p - n  events  (only bound neutrons)  
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Fig.2. Average muttiplicity ~ch) versus totat centre-of - 
mass energy E~ t .  
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c r e a s i n g  m u l t i p l i c i t y  a s  was  o b s e r v e d  a t  l o w e r  
e n e r g i e s .  H o w e v e r ,  a t  o u r  e n e r g y  t h e r e  i s  s t i l l  
a s i g n i f i c a n t  a n i s o t r o p y  up to r ich  = 12. 

T h e  a u t h o r s  a r e  i n d e b t e d  to  t h e  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  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 .  Yu. D. P r o k o s h k i n  and  D r .  S. D e n i -  
sov ,  f o r  t h e i r  k ind  s u p p o r t  and  c o l l a b o r a t i o n  w i t h -  
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Fig.3. Angular d is t r ibut ion  of secondary pa r t i c les  in 
cos0 CM coordinate for  var ious  p-p mul t ip l ic i t ies  at 

67 GeV/c.  

t h a n  in  p - p  e v e n t s  (45% of h y d r o g e n ) ,  w h i l e  t h e  
~Zch)-Value in t h e  f o r m e r  i s  s t i l l  s m a l l e r  t h a n  in 
t h e  l a t t e r .  
Angular distribution of secondary partwles .  A n-  
g u l a r  d i s t r i b u t i o n s  of s e c o n d a r y  p a r t i c l e s  f o r  
v a r i o u s  p - p  m u l t i p l i c i t i e s  a r e  s h o w n  i n  f ig .3 ,  in  
c o s  0 C M - C O o r d i n a t e .  T h e  t r a n s f o r m a t i o n  to t he  
CMS was  d o n e  u s i n g  t he  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  and  o t h e r  p - p  d a t a  f r o m  l o w e r  e n e r g y  
r e s u l t s  [7] s i m i l a r  to  wha t  w as  done  f o r  p i o n s  in 
r e f .  [8]. An a n i s o t r o p y  of t h e  a n g u l a r  d i s t r t b u t i o n s  
i s  s e e n .  T h i s  a n i s o t r o p y  d e c r e a s e s  w i th  t he  in -  

ou 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 
D r .  S . I .  L u b o m i l o v  f r o m  t h e  J o i n t  I n s t i t u t e  for 
N u c l e a r  R e s e a r c h  f o r  t h e  f a s 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  g r e a t  a m o u n t  of w o r k  d o n e  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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