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Inelastic nuclear interactions in nuclear emulsions 
exposed to 200, 300 and 400 GeV proton beams are 
investigated. Dependence of inelastic cross sections 
on A is discussed. It seems to have been generally 
accepted that Nh-distribution has little dependence 

on incident energies, but it is shown that the frac- 
tion of'events without heavily ionizing tracks (Nh=o) 

increases appreciably with increasing primary ener- 
gies. Classifying events by number of heavily ion- 
izing particles, the pseudo-rapidity ,distributions 
are studied, and the number of shower particles at 
higher rapidity region is less in central collisions 
with heavy nuclei compared to that in collisions with 
small Nh. 

1. Introduction, Inelastic interactions of protons with nuclei 

are studied in Ilford K-5 nuclear emulsion stacks exposed to 200, 

300 and 400 GeV proton beams at Fermilab, Some results are already - d 

published lr213) . Mainly data are obtained by the along-the-track 
scanning to avoid selection biases, The number of shower(thin) 
particles are represented by n and the number of heavily ionizing 

S 
tracks by Nh. Heavily ionizing tracks are those which have 

grain density more than 1.4 times of plateau ionization particles, 

For measurements of emission angles, events within 50ym 
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from t h e  t o p  o r  bottom of  emulsion p l a t e s  are excluded. 
Followed t r a c k  l eng ths ,  number of  obta ined  e v e n t s  and r e l a t e d  

q u a n t i t i e s  are summarized i n  Table 1, 

Proton Momentum (GeV/c)  

- 

Track Length (m) 

No of  I n e l a s t i c  Events 2963 1577 3267 

I n e l a s t i c  MF'P (cm)  35,820.7 33.4+0.8 - 34.5+0.6 - 

Frac t ion  of  (Nh=O) Events (%)  14.5+0.7 - 17.8+1.O - 19.5+0.8 - 
-- -- 

MFP f o r  (Nh=O) Events (m) 2.47+0,12 - 1.88+0.11 - 1.69+0.07 - 

Table 1 

2 Mass number dependence of i n e l a s t i c  c r o s s  s e c t i o n s .  Mean 

f r e e  pa ths  of pro tons  a t  200, 300 and 400 GeV w i t h  n u c l e i  o f  nuc lea r  

emulsions are shown i n  Table 1. The r a t i o s  o f  t h e s e  cross s e c t i o n s  

t o  those  of  p-p i n e l a s t i c  i n t e r a c t i o n s  do n o t  depend on primary 

ene rg ies ,  I f ,  as customarilyused, t h e  i n e l a s t i c  cross s e c t i o n  i s  

expressed by t h e  form of  A ~ ,  where A i s  mass number o f  t a r g e t  n u c l e i ,  

a i s  0.77k0.01. This  approximation 

s e e m s  t o  f i t  f a i r l y  w e l l  and t h i s  

e l a s t i c  c r o s s  s e c t i o n s .  The d a t a  F ig ,  1 

value  i s  very c l o s e  t o  t h a t  pre- 
4 d i c t e d  by Teranaka and Ogata . 

But, a s  poin ted  o u t  by Fukushima 5)  I 
10' 

d a t a  are n o t  on a s t r a i g h t  l i n e  - 
n 

f o r  wide range of  A and convex E - 
C 
2 .. upward, as shown i n  Fig.  1. Data 
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are from B e l l e t i n i  e t  a1.6) and '1017.. L - 
t h e  curve i s  t h e  p r e d i c t e d  one 0 

> - 
from Fukushima's model. Open 

c i r c l e s  a r e  t o t a l  c r o s s  s e c t i o n s ,  
- - 

I I l l  1 1 1  
c losed  c i r c l e s  are absorp t ion  lo0 lo' lo2 

mass number 
c ross  s e c t i o n s  and c r o s s e s  a r e  



7 for-rr-nucleus c ro s s  s ec t i ons  a l s o  show s i m i l a r  r e s u l t s  a t  50 GeV , 
8) 100 and 175 GeV . 

3 Energy dependence of t h e  f r a c t i o n  of i n t e r a c t i o n s  without  

heavi ly  ion iz ing  t racks .  A s  shown i n  Table 1, t h e  f r a c t i o n  of 

events  of Nh=O inc reases  markedly from 200 t o  400 GeV. Fig.  2 shows 

the energy depen- I 
dence of t h i s  f rac -  a I I I 
t i o n  from much Iower I 

energies .  . Data 

25 t 0 other group 

a r e  from references  o our data 

9 ,  10, 11. Thenum- 

b e r  of heavi ly  ion- 2o t 
i z i n g  t racks  has  

been considered t 

pared i n  i n t e g r a l  

form, taking N~~ as 

mainly due t o  re- 

s i d u a l  nuc le i ,  and 10 
Nh-distribution has 

been thought almost - 5 
independent of in-  

c iden t  energy. 

Fig. 2 

- 

t 

I I 1 I 

absc i s sa  and logari thm of f r a c t i o n  a s  ordinate .  This r ep re sen t a t i on  

i s  no t  s e n s i t i v e  f o r  smal ler  N '  and t h e  energy dependence of  t h i s  
h 

Usually t h i s  d i s -  

f r a c t i o n  seems t o  have been overlooked. 

0 

When t h e  i nc iden t  energy comes h igher ,  r e s i d u a l  n u c l e i  g e t  

I I 

more k i n e t i c  energy and p a r t i c l e s  which w e r e  grey a t  lower primary 

energ ies  might become t h i n  p a r t i c l e s .  This  e f f e c t  may cause  some 

energy dependence a t  lower primary energies ,  b u t  i nc r ea se  over  100 

GeV i s  d i f f i c u l t  t o  be a t t r i b u t e d  t o  such e f f e c t .  Any e x i s t i n g  

model can no t  expla in  t h i s  energy dependence and new k inds  of  models 

on hadron-nucleus c o l l i s i o n s  a r e  requi red .  

4 Pseudo-rapidity d i s t r i b u t i o n  i n  small  angle  region.  I t  i s  

o f t en  s t a t e d  t h a t  t h e  r a p i d i t y  d i s t r i b u t i o n  of  p-nucleus i n t e r -  

ac t ions  is same a s  t h a t  of p-p i n t e r a c t i o n s  i n  t h e  very forward 

5 10 50 t30 500 lo00 
t r i b u t i o n  i s  com- Fiab 

GeVk / 

reg ion(pro jec t i1e  fragmentation region) .  Many i n v e s t i g a t i o n s  show, 

however, t h a t  i n  p-nucleus i n t e r a c t i o n s  p a r t i c l e s  i n  smal l  angle  



region are less than those in p-p 

interactions12) . The case of 200 
GeV is shown in Fig. 3 as an exam- 

ple, Here distributions of pseudo- n ~ 
9 / - -  

rapidity (q=-log (tanZ) ) of p-nucleus I 1 I I I I 

interactions subtracted by that of b) n 
p-p ones are shown. Fig. 3a is for 

, I  - 1  
d 

liNhs8 and 3b is for Nh29. This - 
c=' 
d 

fact is understood intuitively, if 

we assume that particles produced 

in the first collision in high ra- 

pidity regions have chance to suf- I J' I I 
fer secondary interactions and are 

lost from these regions. This con- 

sideration is supported qualita- 

tively by the observation that for 

- n 

I 1 I I 1 I 
.-2 0 2 L 6 8 q 1 0  

Fig. 3 

larger Nh the. loss is larger, because for larger Nh the number of 

nucleons participated in multiple-production is expected to be 

larger. These points require more quantitative investigation. 

Thanks are due to the director and the staff of the Fermi National 

Accerelator Laboratory for emulsion exposure to proton beams. 
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