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S 
I n  t h i s  report ,  an i n te rp re ta t i on  f o r  mu1 ti p l  i c i  ty and angular 

d i s t r i b u t i o n  o f  emitted charged pa r t i c l es  i n  high-energy proton-nucleus 

i n e l a s t i c  c o l l i s i o n  are given through the hypothesis o f  contract ing spa&. 
e 

Three marvellous phenomena are p~sen ted  high-energy proton-nucleus 

in te rac t ion  as fol lows, 

1 )  The i n e a l s t i c  cross sect ion f o r  proton-nucleus(with mass 

i s  obtained as fol lows, 

6~ : cross sect ion o f  p-p ine las t i ' c  i n te rac t ion  

<n;rA (mean m u l t i p l i c i t y  o f  p-A i n te rac t i on  f o r  t h i n  t rack) 

R~ = < N S ' ~  (mean mu1 t i p 1  i c i  t y  o f  p-p i n t e rac t i on )  

= lower value than resu l t s  computed though two f i r e b a l l  o r  

int ranuclear cascade models 

3)  
p - ~  (y)  " f (y )  i n  the forward d i r ec t i on  independently of A 

P- P 
f(y):  r a p i d i t y  d i s t r i b u t i o n  

I n  the case t ha t  the proton w i t h  near ly l i g h t  ve loc i t y  pass through 

the nucleus(very condensed matter) f o r  very shor t  t ime o f  1 0 - ~ ~ s e c ,  
l ength  1 

i t  leads a strong suspicion t h a t  th$ean f r ee  path,,~s given as fi- , 
where, N means nucleon densi ty i n  nucleus. - P w I n  f i r s t  stage, a t r i a l  o f  explanation i s  made from standpoint o f  two 

center model which thdincident proton turns into;%i ted center i n  the forward 

d i r ec t i on  and induces several ta rge t  nucle% t o  ex i  t e  i n  backward a f t e r  co l  lsion 
h due t&,,fhenomenon o f  3). 

It seems t o  be considered t ha t  the f r o n t  ta rge t  nucleon conseals the rear 

one f o r  inc iden t  proton, t ha t  i s ,  the more pos i t i on  i s  rear  the more ta rge t  

s i ze  contracts apparently. This s ta te  becomes t o  show the c i r c u l a r  frustum 

as p robab i l i t y  space. And, the low value of RAcan be explained through the 
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probabi 1 i t y  space. However, t h i s  considerat ion i s  incons is tent  w i t h  the 

phenomenon o f  1). Therefore, the c i r c u l a r  frustum space are considered as 

the existence space. 

Here e x i s t  two unknown constants for  the i n te rac t i on  w i t h i n  the c i r c u l a r  

frustum space as follows, 

1) The funct ion expressed generating l i n e  of c i r c u l a r  frustum i s  ulrlkv\owfi, 

The exponential law was taken f o r  succesive cont ract ion o f  nucleon 

s ize  as the i n t u i t i v e  speculation. The cont ract ion f ac to r  i n  

area o f  nucleon s ize  a t  the pos i t i on  o f  

e -2Y A X : distance passed through nucleus i n  one mean 

f r ee  path u n i t  
contr4$tCov 5 : perpendi cu l  ar,coeff i c i  ent  i n  1 ength o f  n'ucleon 

s ize  t o  inc iden t  d i r e c t i o n  per one mean f ree path 

2) The r a t i o  of length for  one nucleon s ize  t o  one mean f ree  pass, 9 , 
i s  unknown. 

Then, i t  might be necessary t o  consider the space w i t h  dimension o f  length 

i n  add i t ion t o  the phase space w i t h  momentum and energy. 

The mean mu l t i p l  i c i  ty of pa r t i c l es  emitted from the ex i ted  ta rge t  nucleon 
rnm assum a t  A , <n>A, i s  g i v e n L  If&dIInmultip1ici ty i s  proport ion t o  the volume 

o f  contracted nucleon as fo l lows 
< ans SP -2yh tn>, = - e 

2 

Consequently, RA i s  shown as the f o l lw ing  formula: - 

- 4 1 /3  
and, LA(mean length passed through nucleus A) = 1 2 8  A ( 3  ) 

i I - 2 ' 5 q -  Name 1 y , RA = - - { I  + - I - @  
A& 3 

2 2 3 ( 4  ) 

Recently, the exact experimental valu8) of <n  ) of A1 , c u ,  Pb targets  s A 

was given by Ogata(one o f  the repoters)  from the analysis f o r  the emulsion 
cloud chmber( each metal sheets w i t h  500 JA thickness ; FUJI-ET7B emulsion 

coating t o  50 thickness on the both s ide o f  meta-acryl base 8 0 0 e  thickness ) 
exposed t o  200 GeV proton beam a t  FNAL. 

Experimental resu l ts :  RA1=l .72 + 0.13 Rcu=l.97 + 0.17 . 



' We obtained = 0.10 and Y = 0.84 by so lv ing the simultaneous 

equation o f  two unknown from formula (4).  Since 6 = 321,ib a t  200 GeV 

inciden*roton, the nucleon radius i s  estimated as 1.1 fermi a t  t h i s  energy 

reg i  on. 

F lo r ian  e t  a l l )  presented the value o f  for  targets o f  W 
n 

(Ag,Br) and ( C y N y O )  groups by us lg  o f  the loading emulsion exposed t o  200 

Gev *proton beam. These values are p l o t t ed  as < n d  A versus A i n  Fig. 1 

( f : Ogata's; $ : F lo r ian 's  ) .  The experimental p l o t s  excepted the points 

o f  A1 and Cu show a reasonable agreement f o r  the curve obtained from ( 4 )  

( so l  i d  1 ine). According t h i s  model, RA .( 3 f o r  any mass number. 

One should note t h a t  the RA caluculated for  hydrogen ta rge t  i s  obtained 

as 1.002. This f a c t  means t h a t  the nucleon i s  se l f -cons is tent  f o r  the value 

o f  RA w i t h i n  the experimental er ror ;  ~ h $ ~ u i v a l e n t  condi t ion i s  s a t i s f i e d  

as fol lows, 
-2 Y A 

e J A  = I 

The d i s t r i b u t i o n  o f  f ( y )  i s  discussed through the two f i r e b a l l  model 
P-A 5') 

and o r  the adaptation o f  l i m i t i n g  f rag~nentat ion hypothesis. 

I f  i t  i s  consider t ha t  the d i s t r i b u t i o n  o f  n f o r  p-p i n t e rac t i on  
S 

i s  approximately expressed by Poisson type and the number o f  p a r t i c l e  emitted 

from one center, n, i s  appeared independently t o  another center, the distributfar 

o f  n i s  a lso represented as Poisson type w i t h  th&ean value o f  <ns)p. 
9 
L 

Therefore, the d i s t r i b u t i o n  o f  n a t  h i n  nuclear matter, 

f ( n , A ) ,  i s  expressed by (1)  as fol lows, 
' <*s>'  -2 'SA 

, - 2 3 ~ ) ~  - _ q e  
(+' 2 f(n, ) = ------a- 2 

n! (6 )  
I n  t h s a s e  o f  t w o  f i r e b a l l  model, two as3unptions are made as follows, 

Q i 

i ) i so t rop i c  p a r t i c l e  emission in f i r e b a l l  r e s t  system; The r a p i d i t y  d is t rbut io  
2 o f  sech (y) f r o 4  the apprgximation o f  y 2 - I n  tanQ'2.( d : emission angle) 

2 i i ) M ( f  i rebel 1 mass) << sD(squa&h value .of t o t a l  energy i n  center o f  mass ' 
r 

system for  pnuc leon i n te rac t i on  : CMSp ), due t o  s m a l l  value o f  cns>p. 
. for, 2 

Since the mean value o f  ~ ~ V i n c i d e n t  proton and co l l ec t i ve  ta rge t  of 

nucleons i s  near ly obtained S 4 A " ~ ,  i t  i s  considered t ha t  SA i s  spproxi- 
p 3  mately d iv ided i n t o  4  equal par ts  w i t h  S i n  CllS s f i r e b a l l  ( o r  incident 

3 P 'succesi ve' 
proton)- ta rge t  nucleon in te rac t ion  f rom i i ) - - 
1) J.R. F lor ian e t  a1 , 1973 Meeting o f  the D iv i s ion  o f  Pa r t i c l e  and Fields, 

Berkely, Auggst 
2)  J. Benecke e t  a1, Phys. Rev. 188 (1969) 2159 



Therefore, the Lorentz factor  of f i r e b a l l  i n  CMSp i s  obtained through 

the assFption o f  i i )  as follows, 

Xf !l! 
2Mf 

Jj '& , f: f o w a r d  dorect ion ; db 2~ 9 , b : backward (7)  
2Mf . The mean value o f  M f o r  n i s  obtained from the a ~ s ! ~ t i o n  o f  i ) and charge 

A 

independence f o r  p ion as the fo l lowing formula: --- + y 3 . ( n - ~ . s ) ) + r / T ; e ~ ~ ~ ~ ~ + m ;  
~ ( n )  =(/(<P.% ?;- + mr 2 (8) 

< PA) : mean transversal momentum TT : pion p: proton 
3) 

numerical value o f  0.5: emission r a t e  of proton by consider&ng charge exchage 

and r a t i o  of number for  proton t o  n$,ron i n  nucleus 
I 

Therefore, fp - A(yc) i n  CMSp are obtained by using of formula (6)  

and r a p i d i t y  transformation as fol lows, - 
30 

- , \ + p, <n, j C , - A ( ~ c )  jL 'n+ O , A )  47,. 5 e c h 2 i 9  - --- - 
e 2 I - a,cn) 

n y ( n , *  ). i~;e'r,% t L I+Tbcn) 
+ r.* - L -- - - -- 

. L A t  ' - ;ibcn) = f,,cr t 2 
,t- I kI 4 A 

js 
( 9 )  

) : mean value o f  r a t i o  o f  ve l oc i t y  f o r  f i r e b a l l  w i t h  n t o  l i g h t .  

The calculated f (y )  i s  subst i tu ted by the experimental one. , 
P- P 

The caluculated resu l t s  are i n  approximate agreement w i t h  experimental 
1) 

one f o r  k by F lo r ian  e t  a1 i n  the p a r t  o f  backward d i r ec t i on  normalizing 

the calculated f (y)  t o  thkxper imenta l  one?) The calculated was compared 
P- P 5') 

the computed by Fishbane e t  a1 through incherent production model. 
. The adaptation of l i m i t i n g  fragmentation f o r  th&ontract ing space 

i s  more simple than two f i r e b a l l  as fol lows, - 

f (y, n) :  r a p i d i t y  d i s t r i b u t i o n  f o r  l i m i t i n g  fragments o f  one proton 
P 

corresponding t o  n i n  p-p i n t e rac t i on  

I n  the present stage, i t  i s  assumed t h a t  f (y, n = 's/2) i s  near ly same 

as the one s ide o f  experimental f (y, ns) P-P 
p6)"ltn Fig. 4, the f i r s t  term 

i n  formula (10) was normalized w i t h  the experimental f (y )  i n  the forward 
P-P 

direct ion.  Though we could not  obta in  good data of f (y, ns) ( f(y,nsZ4) P- P 
i s  obtained from only negative pion), i t  seems t h a t  the calculated d i s t r i b u t i o n  

shows thggreernent w i t h  the experimental r e s u l t  i&he fragment region of . 
o f  target  nucleons around the pos i t i on  o f  y= 0 as shown i n  Fig. 2. 
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