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Abstract 

tligh recoiling masses and high average charged multiplicities, 

+ 
<Nc,,>, are associated with A's produced in 100 GeV/c pp and n p 

interactions. If one demands a gap of at least one unit in rapid- 

ity between the A and its recoiling mass, the associated <Nth> in. 
+ 

pp interactions agrees with that of on-mass-shell K p interactions. 

+ 
Application of this technique to n p interactions shows that the 

+ 
extracted <N > is higher in ~ + n +  scattering than in K p. c h 

* 
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In a recent letter1, it was shown that ~*(1236) production in 

+ 
n p and pp interactions is consistent with one-pion exchange and that 

ft 
the average multiplicity of the mass recoiling off the A in pp inter- 

actions is consistent with that of n-p scattering. The average multi- 

- 
plicity of the n n+ scattering is then extracted from the system re- 

+ 
coiling off the A* produced in n p interactions. 

The quantum numbers for a A produced backward in the center of mass 

off a proton target are consistent with kaon exchange. Here we will ex- 

tend the technique of Ref. 1 to extract the average charged multiplicity, 

+ 
<Nth > for K%+ scattering from the mass, )l, recoiling off the A in n p 

interactions at 100 GeV/c. A consistency check is made by extracting 

+ -I-+ 

<Nc h 
> for K p scattering from the process pp + A + X at 100 GeV/c and 

+ u 
comparing with the on-mass-shell K p values. Unlike the study of A 

production, here we have acceptance for all values of momentum transfer 

L 
and have a sample of events with high M . This allows us to investigate 

the range of validity in tI2 of the kaon exchange picture. 

The details of analyzing neutral particle production in this experi- 

ment are discussed in another recent letter.' Only A's produced backward 

+ 
in the center of mass are used. It is interesting to note that in n p 

interactions there are no 2-prong events when a A is produced, and that 

+ 
in pp interactions only one event is of the type pp + A K p. Fig. 1 

shows the square of the mass recoiling from the A .  The distribution is 

pcaked toward higher H~ values. 



Our l a r g e  binning i n  >f2 i s  not  merely due t o  l imi t ed  s t a t i s t i c s .  

2 .  Even with good s t a t i s t i c s ,  the  M distribution w i l l  be smeared by an 

0 unknown amount of 2. production. It  is reasonable t o  assume A and Z 0  

a r e  produced i n  the  same way, s i n c e  they have the  same quantum numbers. 

2 However, the  square of t h e  missing mass r e c o i l i n g  from t h e  A ,  M.h , f o r  

x0 + A y , i s  not a  good measure of the  square of t h e  missing mass from 

0 2 
the  parent  I: , E l  . I n  the  extreme cases  where t h e  y makes a l a r g e  

angle with the  r e c o i l i n g  mass a s  viewed i n  t h e  r e s t  system of t h e  Z O ,  

2 2 2 
M i s  a  l a rge  over-estimate of Mx. The bounds of El a r e  given i n  equa- A 

2 2 2 2 
where X(s, E l z ,  mE) = ( s  - (11 + ) (S - (HI: - mx) ) and mE(mA) is the x 
r e s t  mass of the L'(A). For t h e  energy of our experiment,  Fig.  2 shows 

2 2 2 
the  bounds of the  unce r t a in ty ,  llA - M L ,  a s  a  funct ion  of M when the  A 

L 

i s  a c t u a l l y  the product of E0 -+ A y .  The unce r t a in ty  i s  l a r g e  a t  small  El 
2 

2 
and small a t  l a rge  I l  . It is not  meaningful t o  have a  b i n  s i z e  smaller  

2 
than the  smear. For tunate ly ,  the  reg ion  with the  bes t  s t a t i s t i c s  ( l a rge  1.1 ) 

0 
is a l s o  the  p lace  where the  smearing due t o  L' -production is sma l l e s t .  

t-t 2 
The average m u l t i p l i c i t y  of the X system a s  a  funct ion  of )I i s  

i+ te 
shown i n  Fig. 3 .  For the  r e a c t i o n  pp + A X , <Nch(X ) >  i s ,  i n  t h e  kaon 

+ 
exchange p i c t u r e ,  t h e  average m u l t i p l i c i t y  of  t h e  off-mass-shell  K p  sca t -  

t e r i n g .  i.Je compare these  va lues  t o  t h e  average m u l t i p l i c i t y  of t h e  on- 

+ 2 
mass-sbell K p  s c a t t e r i n g  a t  s equal  t o  El . In  Ref. 1 we used equat ion (2)  

t o  represent  the  d a t a  of the  on-mass-shell n-p i n e l a s t i c  s c a t t e r i n g .  



+ 
Not much d a t a  is a v a i l a b l e  f o r  on-mass-shell  K p  i n e l a s t i c  s c a t t e r i n g .  

3 

We f i n d  e q u a t i o n  (2) c a n  r e p r e s e n t  t h o s e  d a t a  w i t h  an  u n c e r t a i n t y  of  

+ 0.4 u n i t s .  - 

Fig.  3a  shows t l ie  m u l t i p l i c i t y  a s s o c i a t e d  w i t h  t h e  A i n  pp i n t e r -  

a c t i o n s  compared w i t h  e q u a t i o n  ( 2 ) .  The o f f -mass - she l l  m u l t i p l i c i t y ,  

<N > , a g r e e s  wit11 t h a t  f o r  on-mass-shell  R+p s c a t t e r i n g  e x c e p t  f o r  
c  h  

2  2  
t h e  l a r g e s t  M b i n s  (dashed d a t a  p o i n t s ) .  A s  s/?l becomes s m a l l ,  s o  

d o e s  t h e  r a p i d i t y  gap by between t h e  A and i t s  m i s s i n g  mass. The kaon 

exchange p i c t u r e  i s  n o t  expec ted  t o  b e  v a l i d  when Ay f a l l s  below one 

u n i t .  Demanding a t  l e a s t  one u n i t  of r a p i d i t y  gap between t h e  A and 

i t s  miss ing  mass ( s o l i d  d a t a  p o i n t s ) ,  one o b t a i n s  good agreement w i t h  

+ 
on-mass-shell  K p  s c a t t e r i n g .  With Ay less t h a n  1, A ' s  a r e  presumably 

produced i n  some o t h e r  p r o c e s s ,  t h e  a v e r a g e  m u l t i p l i c i t y  of which seems 

t o ,  be  h i g h e r .  

+ 
The average  m u l t i p l i c i t y  a s s o c i a t e d  w i t h  t h e  A i n  n p  i n t e r a c t i o n s  

2  
is shown i n  Fig .  3b. A t  l a r g e  M , tlie s o l i d  and dashed p o i n t s  a r e  t h o s e  

w i t h  and w i t h o u t  a t  l e a s t  one u n i t  of  r a p i d i t y  gap between t h e  A and i t s  

m i s s i n g  mass. Tlie s o l i d  p o i n t s  a r e  t h e  e x t r a c t e d  average  m u l t i p l i c i t i e s  

+ + 
of  R n s c a t t e r i n g .  The v a l u e s  of a v e r a g e  m u l t i p l i c i t y  a r e  c l o s e  t o  one 

+ 2  
u n i t  above t h a t  of  K p  s c a t t e r i n g  a t  a l l  M . 

We conclude t h a t  t h e  e f f e c t  which we observed i n  p i o n  exchange reac -  

t ions '  i s  p r e s e n t  a l s o  i n  kaon exchange.  The a v e r a g e  m u l t i p l i c i t y  i n  o f f -  

mass - she l l  meson-proton s c a t t e r i n g  a g r e e s  w i t h  t h e  on-mass-shell  v a l u e s ;  



meson-meson scattering has a higher average multiplicity than baryon- 

meson scatrering. 
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Figure Captions 

Figure 1. Distribution of the square of the mass recoiling off the A. 

Figure 2. For A's as product of XO + A y, the bounds of the over-estimate 

2 2 
of M when PI is used. Z A 

Figure 3. 2 
The average charged multiplicity of X* versus Pi . At large 

2 
1 , the solid and dashed points are those with and without 

demanding at least one unit of rapidity gap between the A and 

its missing mass. The curve represents the average multiplicity 

+ 
in on-mass-shell I: p scattering (same as n-p scattering), with 

2 
the substitution M = s. 
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