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ABSTRACT 

Neutra l  decays and y conversions have been analyzed i n  

an  exposure of t h e  NAL 30" hydrogen liubble chamber t o  205 

GeV/c pions.  

T h i s  pape r  p r e s e n t s  p r e l i m i n a r y  r e s u l t s  on i n c l u s i v e  c r o s s  s e c t i o n s  - 
f o r  t h e  p r o d u c t i o n  of 8 I s ,  K:'s, A@'S and / f ' s  by 205 G ~ V / C  71- -P 

i n t e r a c t i o n s .  The exper imen t  w a s  done i n  t h e  NAL 30" hydrogen bubble  

1 
chamber. S i x  hundred and s i x t y - f o u r  n e u t r a l  decays  ( o r  conver s ionf i )  

found i n  a s c a n  o f  3058 1r'-p i n t e r a c t i o n s 1  were measured. During 

measurement,  t h r e e  p e r c e n t  o f  t h e s e  e v e n t s  were r e j e c t e d  a s  no t  p o i n t i n g  

t o  t h e  pr imary  v e r t e x .  Another  29% were d i s c a r d e d  by a f i d u c i a l  volume 

c u t  on t h e  n e u t r a l  v e r t e x .  
2 
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The r e m a i n i n g  e v e n t s  were p r o c e s s e d  t h r o u ~ h  TVGP and SqUAW. Kinemat ic  

1 - 
f i t s  t o  X ( p ) - + e - e + ( p ) ,  KO-+ lt-j~.', A - + ~ - p , - A ' i r  T' were a t t e m p t e d .  

Accep tab le  f i t s  were d e f i n e d  a s  hav ing  a c h i - s q u a r e d  l e s s  t h a n  20. A c u t  

on t h e  t r a n s v e r s e  momentum of  t h e  two o u t g o i n g  cha rged  t r a c k s  r e l a t i v e  t o  

t h e  n e u t r a l  t r a c k  r e s o l v e d  most o f  t h e  gamma-neutral p a r t i c l e  decay 

a m b i g u i t i e s .  The r e s u l t s  were 312 e v e n t s  w i t h  one and  o n l y  one a c c e u t a b l e  

f i t ;  20 e v e n t s  w i t h  more t h a n  one a c c e p t a b l e  f i t ;  and  117 e v e n t s  t h a t  

f a i l e d  r e c o n s t r u c t i o n  i n  TVGP o r  e l s e  f a i l e d  t o  have any a c c e p t a b l e  f i t  

i n  SQUAW. A l l  n e u t r a l  decays  ( c o n v e r s i o n s )  were c l a s s i f i e d  d u r i n g  

s c a n n i n g  a c c o r d i n g  t o  whether  a n  e l e c t r o n  was i d e n t i f i e d  and whether  t h e  

3 
o u e n i n g  a n g l e  between t h e  two charged p a r t i c l e s  was z e r o  o r  no t .  The 

ambipuous f i t s  were r e s o l v e d  u s i n g  t h i s  s c a n n i n g  in fopmat ion  o r  by c h o o s i n c  

t h e  f i t  w i t h  t h e  l o w e s t  ch i - squa red .  The e v e n t s  w i t h  no f i t s  were appor -  

t i o n e d  among t h e  f o u r  f i t s  u s i n g  t h e  s c a n n i n g  i n f o r m a t i o n  and t h e  known 

d i s t r i b u t i o n  o f  t h e  e v e n t s  w i t h  f i t s  i n t o  t h e  v a r i o u s  s c a n  c l a s s i f i c a t i o n s .  

0 

KO'S, 1 s  and x's produced fo rward  i n  t h e  F-p  c e n t e r  of mass 

g e n e r a l l y  e s c a p e  t h e  chamber b e f o r e  decay ing .  Thus 13% o f  t h e  n e u t r a l  

d e c a y s  were d i s c a r d e d  by r e q u i r i n g  t h e  n e u t r a l  p a r t i c l e  t o  be produced 

backwards i n  t h e  c e n t e r  of mass frame o f  t h e  .jr.-p i n t e r a c t i o n s .  Thus - 
t h i s  exper imen t  can  be  c o n s i d e r e d  a  s t u d y  o f  K O ,  and A0 pi .oduct ion  6 

a s s o c i a t e d  w i t h  t h e  t a r g e t  p ro ton .  F i n a l l y ,  s m a l l  c o r r e c t i o n s  (10% t o  

15% depending on f i t )  were made f o r  e v e n t s  missed by t h e  s c a n  because  

t h e y  were t o o  c l o s e  t o  t h e  pr imary  i n t e r a c t i o n  v e r t e x  t o  be r e s o l v e d ,  

and a l s o  a  c o r r e c t i o n  f o r  t h e  98.5% s c a n  e f f i c i e n c y  ( a f t e r  two independen t  

s c a n s )  f o r  n e u t r a l  e v e n t s  was made. 



The above a n a l y s i s  d e t e r m i n e s  t h e  number of each  type  o f  decay 

( c o n v e r s i o n )  i n s i d e  t h e  f i d u c i a l  volume. '1n o r d e r  t o  d e t e r m i n e  t h e  t o t a l  

number produced a t  t h e  pr imary  v e r t e x  e a c h  e v e n t  w i t h  a f i t  was w e i r h t e d  

by t h e  i n v e r s e  o f  t h e  decay ( c o n v e r s i o n )  p r o b a b i l i t y  as de te rmined  by 

t h e  p a r t i c l e ' s  momentum3 and p o t e n t i a l  l e n q t h  i n s i d e  t h e  f i d u c i a l  volume. 

Also  e a c h  e v e n t  w a s  weighted by t h e  i n v e r s e  of t h e  b r a n c h i n g  r a t i o  f o r  t h e  

p a r t i c u l a r  decay mode observed.  The e v e n t s  w i t h  no f i t s  were g i v e n  t h e  

a v e r a g e  we igh t  o f  t h e  f i t  t h e y  were a s s i g n e d  t o  (61 .0  f o r  , 1.86 f o r  

~ z t  2.03 f o r  Ar , 4.61 f o r  3 ). 
Table  I g i v e s  t h e  number of e v e n t s  and  i n c l u s i v e  > c r o s s  s e c t i o n s  

a s  a f u n c t i o n  o f  t h e  a s s o c i a t e d  charged p a r t i c l e  m u l t i p l i c i t y .  The 

0 a v e r a g e  number of 7' ''6 produced,  -<77 > , i s  c a l c u l a t e d  as sum in^ a l l  

0 .  
2''s come from t h e  decay - - Likewise  Table  I1 g i v e s  r e s u l t s  f o r  

K: p r o d u c t i o n  i n t o  t h e  backward hemisphere.  F i g u r e s  1 and  2 p l o t  (-i,p 'j 
0 

and TK5( backward ) 
> a s  a f u n c t i o n  o f  t h e  a s s o c i a t e d  charged p a r t i c l e  

m u l t i p l i c i t y ,  rich. The dashed l i n e  i n  F i g .  1 is (rich - 2 ) / 2 ,  which can be  

thought of as t h e  number of produced charged p a i r s .  

0 ) i s  c o n s i s t e n t  w i t h  0.077, i n i e p e n d e n t  of n  < (backward ). - - ch' 

F i t s  t o  41 backward /iC"s and  4  backward 's  were o b t a i n e d .  The 

- 
c o r r e s p o n d i n g  c r o s s  s e c t i o n s  a r e :  (r(7' p   FA;'^ ackward)  + Anyth ing)  = 

- 
0.91 t 0.23 mb and o-( ~ - p - + / h < ~ ~ ~ ~ ~ ~ ~ ~ )  + Anyth ing)  = 0.2 t 0.2 mb. 

The a v e r a g e  numbers of e a c h  p a r t i c l e  produced p e r  i n e l a s t i c  i n t e r a c t i o n  

a re ;  ( A; backward) > / I n e l a s t i c  ~ f . - ~  i n t e r a c t i o n  = 0.044 _c 0.011 

( ,?(backward )> 
/ I n e l a s t i c  12-p i n t e r a c t i o n  = 0 .01  2 0.01. 

The n e u t r a l  p a r t i c l e  decay r e s u l t s  c a n  be r o u e h l y  compared w i t h  

205 GeV/c pp r e s u l t s .  I f  one assumes one can " f a c t o r i z e "  a n  i n t e r a c t i o n  
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i n t o  a forward  p a r t  a s s o c i a t e d  w i t h  t h e  beam p a r t i c l e  and  a backward 

p a r t  a s s o c i a t e d  w i t h  t h e  t a r g e t  then  t h e  backward r e s u l t s  on p a r t i c l e s  

droduced p e r  i n e l a s t i c  c o l l i s i o n  f o r  77-p a t  a g iven  momentum s h o u l d  be 

, iu same a s  backward r e s u l t s  f o r  pp  i n t e r a c t i o n s  a t  t h e  same momentum. 

Table  I11 shows t h a t  t h e  r e s u l t s  of t h i s  exper imen t  a g r e e  ve ry  w e l l  w i t h  

t h e  c o r r e s p o n d i n g  r e s u l t s  f o r  205 G ~ V / C  pp. 
4 

*ark s u p p o r t e d  i n  p a r t  by t h e  U. S. Atomic Energy Commission, t h e  

N a t i o n a l  S c i e n c e  Founda t ion ,  and t h e  F rench  CNRS. 

* 
On l e a v e  o f  absence  from LAL, Orsay ,  F rance .  

ID. Boger t ,  e t  a l . ,  x-p I n t e r a c t i o n s  a t  200  GeV/c. NAL-CONF-7J/JO- 

EXP. 

2 ~ h e  n e u t r a l  v e r t e x  was r e q u i r e d  t o  be i n s i d e  a c y l i n d e r  of r a d i u s  

25 cm and h e i g h t  2 3  cm c e n t e r e d  i n  t h e  bubble  chamber. The f i d u c i a l  

volume f o r  t h e  p r imary  7;'-p i n t e r a c t i o n  was t h e  same as i n  r e f e r e n c e  1. 

3 ~ o r  gamma c o n v e r s i o n  t h e  p a i r  p r o d u c t i o n  c r o s s  s e c t i o n s  g iven  i n  

T. N. Knase l ,  DESY R e p o r t s  Nos. 70/2 and 70/3,  1970 ( u n p u b l i s h e d )  were 

used.  

4 
K. J a e g e r ,  e t  a l . ,  P r o d u c t i o n  o f  S t r a n g e  P a r t i c l e s  and of > ' - ~ a ~ s  

i n  P ro ton-Pro ton  I n t e r a c t i o n s  a t  205 GeV/c. P a p e r  s u b m i t t e d  t o  Berke ley  

Meet ing  of t h e  American P h y s i c a l  S o c i e t y ,  Aupust 13-17, 1973. T h e i r  An 
. . 

and f i  r e s u l t  f o r  < > I >  h a s  been d i v i d e d  by two i n  o r d e r  t o  g e t  backward 

r e s u l t  (makinq use  o f  forward-backward symmetry i n  pp e x p e r i m e n t ) .  The 

KO r e s u l t  h a s  been d i v i d e d  by f o u r .  The a d d i t i o n a l  f a c t o r  of two t a k e s  

c a r e  o f  t h e i r  i n c l u s i o n  of K O  
L' 
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Table  I. C r o s s  s e c t i o n s  f o r  % p + X +  Anythinq.  

m = Number C o r r e c t e d  and <~r'->/ 
of  Charged Number of Weighted Xm( l l - p d +  I n e l a s t i c  \ i - p  
P a r t i c l e s  F i t  f ' s  Number a n y t h i n q )  mb I n t e r a c t i o n  

TOTAL 194 16 ,966  + 2090 128.9  + 15.9 3.1 t 0.4 



- 0 
Table  11. Cross s e c t i o n s  f o r  T P 9 Ks(back,uard) + Anything. 

n = Number 
of Charged 
P a r t i c l e s  

Number ~f 
F i t  KO'S 

Corrected and 
Weiphted 

Number 

c n  F-P -+ o 
i- ~ % ~ ~ ~ ~ ~ ~ a r ~ $  I n  a s  i c , , ~  p / 

% $ k ~ ? k ~ ~ ~ $  ) I n t e r a c t i o n  

18 1 2.8 + 2.8 0.02 + 0.02 0.068 0.068 

TOTAL 74 213.1 5 36.4 1.62 5 0.28 0.077 2 0.014 
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Table  111. Comparison of n e u t r a l  p a r t i c l e s  produced p e r  i n e l a s t i c  i n t e r a c t i o n  

f o r  205 GeV/c r-p and pp. - 

N e u t r a l  P a r t i c l e  <Y?> if-,r-, 

0 

K s ( b a c k s a r d  ) 

A (backward ) - 
/ \ (backward ) 

a 
Refe rence  4 

F I G U R E  CAPTIONS 

F i g .  1. (,;.)produced p e r  i n e l a s t i c  205 GeV/c r-p i n t e r a c t i o n  a s  a  

f u n c t i o n  of a s s o c i a t e d  cha rged  p a r t i c l e  m u l t i p l i c i t y ,  rich. 
0 

F i g .  2 < Ks(backward  i n  cm) ) produced p e r  i n e l a s t i c  205 ~ e V / c . i i . - ~  

i n t e r a c t i o n  a s  a f u n c t i o n  o f  a s s o c i a t e d  cha rged  p a r t i c l e  

m u l t i p l i c i t y ,  rich. 








