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1 
I n  t h i s  report, a new in terpretat ion i s  given f o r  the cross section 

i n  high-energy proton-nucleus col 1 i s i on  induced by proton-nucleon i n e l  as t i c  

I interaction i n  nucleus through the hypothesis of contracting space mentioned 
i 

i n  our previous report. 

i The ine las t i c  in teract ion cross section f o r  proton-nucleus (mass number 
L 

' A) i s  expressed through the analysis of nuclear emulsion exposed t o  200 GeV 
; proton beam a t  FNAL by taking account of the content for the elements contalned 

in ebs ion  as follows * 

s It i s  va l i d  t o  take the i ne las t i c  cross section p-p in teract ion f o r  

from the fol lowing reason: Almost a1 1 events obtained by means o f  
P 

the f o l  lowing-track-scanning method have more than two t h i n l y  ion iz ing tracks, 
which means the energy loss o f  more than 0.3 GeV f o r  the incident prdton. 
If the events were induced by p-nucleon e l  as ti c i nterac t i  on, the squared 

value o f  four monentum transfered t o  targe$ucleon, t, are obtained more 
n 

' than o.s(G~v/c)'. Since the d i s t r i bu t i on  o f  t f o r  e las t i c  p-p in teract ion 
i s  expressed by formula e;bt wi th  b 5  12 , the ra te  of events induced 

~ + t a r a ~ t c O H  
by elast ' ic p-nucleon,,is estimated t o  be less than one percent o f  whole 
obtained events, considering tha t  the d i s t r i bu t i on  o f  e las t i c  p-p in teract ion 

: f s  nearly same as tha t  o f  p-nucleon. 
No matter how contracted the target nucleonmty be for the f i r s t  incident 

p-nucleon ine las t ic  in teract ion i n  nucleus, i t  i s  natura l ly  considered t o  
be recognized as one event o f  proton-nucleus c o l l  i s i on  by observing from 

the outmside o f  nucles, t ha t  i s ,  the number o f  event i s  measured by one 

' proton-nucleon col 1 i s i o n  uni t .  
When the existence probabi 1 i t y  of i ncident proton(wi thout means surviving 
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proton) a t  A i s  expressed as P, the decrease of P f o r  the distance between 

and 1 + d ?i i s  shown as fol lows, 

d~ = - e p2 R d h .  (7 1 
I n  the ordinary, space wi thout  the contracted nucleon, dP i s  equvalent t o  

the increase o f  i n t e rac t i on  p robab i l i t y ,  d l ,  between h a n d  + d h  . 
Since the summation o f  i n t e rac t i on  cross sect ion between A and A+ d k i s  

expressed ds 6 P e-' '&,the i ncrease o f  i n t e rac t i on  probabi 1 i ty measured 
P 

by the scale o f  ordinary nucleon s ize  a t  h= 0 i s  expressed as 6 p ~ ~ e w 2 y h d h / 6  
P' 

However, t h i s  dose no t  mean the i n te rac t i on  p robab i l i t y  measured by 

the scale o f  the contracted nucleon s ize  i n  one proton-nucleon co l  1 i s i o n  un i t ,  

Therefore, the increase o f  i n t e rac t i on  probabi 1 i t y  f o r  the distance between 

and 9 + dhmeasured by the scale o f  nucleon s i ze  contracted a t  A , 41, 
i s  obtained as fo l lows -2 Jh 

Gp e P ~ A  
d I  = - 2 = P d h  

6, 
I n  other words, i t  mean; t h a t  the o rd i  nary nucleons w i t h  the existence 

p robab i l i t y  obtained from formula (1) come i n t o  the ta rge t  nucleon a t  A 
and the mean f r ee  path length  i s  show same as the ordinary one f o r  the distance 

o f  d h .  

Therefore, 6A/dp i s  given as fo l lowing formula: 

'This i n t eg ra l  cannot be a n a l y t i c a l l y  obtained by the elementary function. 

Since the value o f  5 i s  considerably small compared w i t h  i', the fo l lowing 

i n teg ra l  i s  given as very good approximation: 

I n  the case o f  nucleus w i t h  la rge mashumber, 

The above experimental A-dependence agrees we l l  w i t h  the caluculated resu l t .  



i 
The resu l t s  o f  dA/ dp for  varous elements deduced from the counter 

experiment obtained by Ashmore e t  a? ) a t  24 GeV inc iden t  proton energy 

are shown i n  Fig. 1. The measurements were performed by the s c i n t i l l a t o r  

with minimumsubtended angle o f  15mrad. I n  t h i s  cond i t i on , i t  i s 'cons idered 

that  the proton-nucleus events induced by the i n e l a s t i c  p-nucleon i n te rac t i on  

occupied about 94 X o f  whole events considering the d i s t r bu t i on  o f  e-bt 
and cross sections o f  30 mb and 10 mb f o r  t h 8 n e l a s t i c  and e l a s t i c  i n t e r -  

actions, respect ively.  Therefore, these value o f  0.94 X 6 / d are 

p lo t ted upon A i n  F i g  . 1. 
A P 

dA/ dp for  A1 , Cu and Pb t a rge t  were given by Ogata( one o f  the reporters) 

The good agreement between the caculated and these experimental r esu l t s  

i s  shown i n  Fig. 1, except the points o f  Cu a t  200 GeV. 

The observation f o r  high-energy proton-nucleon i n e l  a s t i  c i n t e rac t i on  

i n  nuclear matter i s  compared w i t h  t ha t  f o r  the doub le -s l i t  d i f f r a c t i o n  

of  photon by the fo l low ing  conceptual diagram: - 

observation f o r  photon impinged onto screen 
4 

photon 4 double-sl i  t 4 p a r t i  t i o n  o f  existence f o r  pos i t i on  

high energy observation f o r  h i  gh-energy 
proton ---P nuclear matter proton-nucleon I n e l a s t i c  in te rac t ion  

5 
cont ract ing 1 
space p a r t i  t i o n  o f  existence ' f o r  extent  o f  space 

As the value o f  r, js obtained from 1.2 t o  1.5 fermi i n  expression o f  

o f  r ,~ ' '~ f o r  nuclear radius, thgncreas ing A-dependence for  cross sect ion 

has been explained by the increasing o f  nuclear size. However, since the 

value the values o f  r, are given as 1.5 and 1.2 f o r  the middle and large 

mas%umber, respectively, i t  i s  impossi b l e  t o  explaine the increasing fac to r  

rp.1 \ from the considerat ion o f  nuclear structure.  The in te rp re ta t ion  should '\ 

not be misconceived by using o f  the mean value o f  r,. 

I n  the 1 i m i  ted case o f  A = 1 , thgoncep t  o f  the i nteract ion probabi 1 i ty 

i n  formula (3)  i s  no t  presented i n  the ordinary nucleon space tak ing no 

account o f  the ins ide c o l l i s i o n  f o r  one nucleon. However, i t  i s  meaningful 

to  obtain the value o f  I f o r  A = 1 under the considerat ion of t h i s  model. 

The value o f  I f o r  A = 1 i s  obtained as 0.707 from the formula (4) ,  t ha t  i s ,  - 
1)  A. -Ashmore e t  a l ,  Phys. Rev. Let ters,  5 (1960), 576 



2 (0.841)~. This means t o  be w i t h i n  the experimental e r ro r !  

It i s  considered t ha t  t h i s  fac t  i s  by no means an accidental r esu l t .  

The physical meaning should probably be given by the fo l lowing i n t e r -  

pre ta t ion:  The conception of cross sect ion should not  be adapted t o  the 

c o l l  i sion o f  nucleon inside, because the cross sect ion represents only the 

encountered area o f  two par t i c les .  Since one mean f r ee  path length 

i s  measured as i n  one nucleon s ize  u n i t  from the constancy o f  y, the +i 
expected value of the i n te rac t i on  length  w i t h i n  nucleon i n  same u n i t  i s  

i s  given as y2 X (= ? ). Namely, i t  i s  equivalent t o  the value o f  cross 5 
sect ion i n  one ordinary nucleon s ize  uni t. 

I n  t h i s  meaning, i t  can be sa id  t h a t  the nucleon shows the self-consistency 

f o r  the value o f  I. 

I f  the hypothesis o f  cont ract ing space i s  true, i t  might be necessary 

t o  reform th$onception o f  absolute scale f o r  the length o f  p a r t i c l e  s l ze  

besides the Lorentz contract ion. 

I n  the dual character o f  nature, photon has wave and p a r t i c l e  properties, 

and both propert ies are imcompatible f o r  the observation. 
The d i f f r a c t i v e  and creat ive characters are shown i n  the i n e l a s t i c  interact ion, 

and both characters are compatible f o r  the observation. I n  order t o  seek 

the general physical law, i t  was necessary t o  obta in  one constant(P1anck's 

constant) fo r  the former. 

On the other hand, i f  the general law e x i s t  i n  the l a t t e r ,  i t  might be 

necessary t o  f i n d  the two constants. 
C 






