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ABSTRACT 

R e s u l t s  a r e  repor ted  fm a streamer cham6er experiment 

performed a t  E" ~ n f o r d  Linear  Accelerator  Center (SLAC) t o  

s t u d y  t h e  production of t h e  a(1020)  i n  OZI-allowed and 

forbidden processes  i n  T'P i n t e r a c t i o n s  a t  16  G ~ V / C .  

Production p r o p e r t i e s  o f  t h e  z**(896) a r e  a l s o  s tud ied  and 

diauuaeed. The daLa cons is ted  of 300 000 streamey .chype.r 
~ ~ - ~ + ' " : - - ~ ~ ~ $ ~ ~  F F ~ ~ ~ ; ~ $ .  ;y:, ; 
i*;;t ?,%?-. 3Lq -& , LL!,.,h.. *jC 3 r  d-&l 

photographs o f  $P i n t e r a c t i o n s  an nfirma%ion from 

Cerenkov and s c i n t i l l a t i o n  counters  recorded on magnetic 

t apes .  

@(I0201 . resonances a r e  observed i n  t h e  

No clear @ (1  020) resonance is seen i n  t h e  i n c l u s i v e  

r e a c t i o n  

It is est imated t h a t  a t  l e a a t  35% of 9 , s  a r e  produced 

i n  a s s o c i a t i o n  with a p a i r  o f  s t r ange  p a r t i c l e s .  The 

l o n g i t u d i n a l  momentum d i s t r i b u t i o n  o f  p ( 8 9 6 )  , expressed i n  

terms of  Beynman v a r i a b l e  X f ,  ie compared with t h e  

p r e d i c t i o n s  o f  t h e  quark f u s i o n  model; i:t is observed t h a t  

t h e  model reproduces we l l  t h e  experimentally observed 

spectrum. 
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CHAPTER I- I N T R O D U C T I O N  

We have i n v e s t i g a t e d .  t h e  v a l i d i t y  o f  t h e  O Z I  r u l e  by 

s t u d y i n g  r e a c t i o n s ,  

n++ P --+ OK: + X  1-1 

<+ P- -  @A'' + x  r-L 
n + + P +  @ + X I- 3 

and t h e  p r o d u c t i o n  p r o p e r t i e s  o f  t h e  cg(896)  r e sonance  jn 

t h e  i n c l u s i v e  r e a c t i o n  . 

b o t h  a t  16 G e ~ / c ,  u s i n g  s t r e a m e r  chamber pho tographs  o f  t h e  

i n t e r a c t i o n s  and i n f o r m a t i o n -  from Cerenkov and s c i n t j . l l a t j . o n  

c o u n t e r s .  

The o r i g i n  O f  t h e  UZI r u l e ,  i ts  p r e s e n t  s t a t u s  and a 

b r i e f  d e s c r i p t i o n  n f  a ~ e n e r a l i e e d  Drcl l -Yan process  ca l l ed  

t h e ,  qua rk  f u s i o n  model is summarized. i n  Chap te r  11. 

D e s c r i p t i o n  o f  t h e  a p p a r a t u s  and e x p e r i m e n t a l  s e t  u p  is 

g j v e n  ' i n  Chap te r  111. In.Chapter T V ,  t h e  g e n e r a l  p r o c e d u r e s  

i n  c o n d u c t i n g  t h e  e x p e r i m e n t ,  i n c l u d i n g  d a t a  c o l l e c t i o n ,  

s c a n n i n g  and measurement a r e  d i s c u s s e d .  Chap te r  V c o v e r s  
. . 

t h e  r e c o n s t r u c t i o n  o f  t h e  e v e n t s  from measured. d a t a  and 

d e s c r i p t i o n  of t h e  p r o c e s s e s  i n  which cha rged  and n e u t r a l  

s t p a n g e .  p a r t i c l e s  were'  i d e n t i f i e d .  ~ n a l y s i s  o f  t h e  

p a r t i c u l a r  r e a c t i o n s  (1-1, 2 ,  3 ,  4 )  - .and  t h e  c r o . s s - s e c t i o n  

c a l c u l a t i o n s  a r e  p r e s e n t e d  i n  d e t a i l .  i n  Chap te r  V I .  I n  

C h a p t e r  V I I  is  p r e s e n t e d  a comparison.  of e x p e r i m e n t a l  



- 1 3  
r e s u l t s  fr.om t h i s , w o s k  wi th  t h e  p r e d i c t i o n s  of t h e o r e t i c a l  

models. 



" SUMMARY 

I n  q u a r k - p a r t o n  models t h e  @ ( l 0 2 0 )  a l o n g  w i t h  h e a v i e r  

v e c t o r  mesons J/y(~ioo), ~ 1 3 6 0 4 )  and T(9q60) a r e  c o n s i d e r e d  t o .  

b e  (QQ) s t a t e s .  The O Z I  r u l e  s u p p r e s s i o n  of  d j s c o n n e c t e d  

q u a r k  l i n e s  i n  s t r o n g  i n t e r a c t i o n s  . h a s  been used t o  

i n t e r p r e t  some o f  t h e  p r o d u c t i o n  and decay p r o p e r t i e s  o f  

t h e s e  s t a t e s .  A t t empts  have a l s o  b e e n  made t o  a p p l y  t h e  

Drel l -Yan . ( q u a r k - f u s i o n )  mechanism t o  v e c t o r  meson 

p r o d u c t i o n  i n  hadron  c o l l i s i o n s .  I n  t h i s  c h a p t e r ,  t h e  o r i -g in  

o f  t h e  O Z I  r u l e  and i t s  app l i cab j .1 j . ty  t o  t h e  a . s soc ia t ed  
+ 

p r o d u c t i o n  o f  Q(j0z.1)) i n  n P i n t e r a c t i o n s  i s  d e s c r i b e d .  The 
- 0 

a p p l i c a t i o n  o f  g e n e . r a l i z e d  Dre l l -Pan mechanisms t.0 K* 
t 

p r o d u c t i o n  i n  n P i s  a l s o  d i s c u s s e d .  

l..?-J,y 

A-   he Okub-o-Zweig-Iizuka ( O Z I )  R u l e  

l - U r i g l n  o r  t h e  ,Kule 

The O Z I  r u l e  is a l s o  c a l l e d  t h e  quark  l i n e  r u l e  and was 

o r i g i n a l l y  proposed t o  e x p l a i n  t h e  s t r o n g  s u p p r e s s i o n  

of  @,meson decays  i n t o  t h r e e  p i o n s .  There  is no o t h e r  

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

r e a c t i o n  ( F i g .  11-1 a )  w h i l e  a l l o w i n g  W -decay(F ig .  11-1 b )  

t o  occur .  The r a t i o  of  t h e  r e l e v a n t  c o u p l i n g  c o n s t a n t s  is  
1 

e x p e r i m e n t a l l y  measured t o  b e ,  
r . 



This ratio would be expected to be nearly unity, were 
I 4 

the ( - 0 ) mixing model to hold. Thus Okubo, Zweig and 

Iizuka postulated a rule to characterize the suppression of 

the reaction of Fig. .II-la. The OZI rule is: all processes 

involving a disconnected quark-antiquark line (a " hairpin " 
( I  

diagram) are suppressed in hadronic interactions. In other 

words, all processes in which, a quark-antiquark pair belongs 

to one particle are forbidden. This rule evidently forbids 

the reaction of Fig. 11-la while allowing that of 
f 

Fig. 11-lb. At the same time the predominant decay of @ 

into K-K+ is an OZI allowed process(~ig. 11-lc). 

S 
2- Application to '-J/^S' Decay 

The J/T(3100) is observed to be a very narrow 

resonance, in spite of decaying mostly into hadrons( f=100 

~ev). A new selection rule was needed to explain this 

phenomenon because, despite the electromagnetic production 

of Jlq , it has neither a typically narrow electromagnetic 

width nor a typically large strong interaction width. The 

OZI rule applied to @ -meson decay forbids, at least to 

first order, transitions in which a ( ~ 3 )  quark pair is 

annihilated and only non-strange hadrons are produced. This 

was generalized to J/y meson by considering it to be a 

charmed quark (cE) pair so that it similarly would be 

forbidden, to first order, to decay into ordinary 

(non-charmed) hadrons. The OZP rule thus suppressed most of 



16 
t h e  a v a i l a b l e  decay channe ls  f o r  J/q which consequent ly  i s  

seen  as a v e r y  narrow resonance.  
. . 

The O Z I  r u l e  is a q u a l i t a t i v e  ' p r e s c r i p t i o n  and a 

measure.ment. o f  i t s  s t r e n g t h  i s  needed ' b e f o r e  i t  can be 

q u a n t i t a t i v e l y  a p p l i e d  t o  any p a r t i c u l a r  phenomenon. The 

procedure  t o  q u a n t i f y  t h e  O Z I  r u l e . h a s  gene ra ly  been t o  

measure t h e  r a t i o  of c r o s s - s e c t i o n s  o f  fo rb idden  t o  allowed 

p r o c e s s e s  i n  p a r t i c u l a r  r e a c t i o n s ,  

e x c l u s i v e '  channe l s  and concluded t h a t  R can n o t  be l a r g e r  

t h a n  .02.  

3- Conjo in t  Produc t ion  o f  @ o r  J/-fl 

The O Z I  . . ru le ,  as desc r ibed  i n  p rev ious  s e c t i o n s  would 

r e q u i r e  t h a t  a p a i r  o f .  s t r a n g e  p a r t i c l e s  be produced i n  

a s s o c i a t i o n  w i th  a @ meson whenever t h e  l a t t e r  i s  c r e a t e d  

i n  . a c o l l i s i o n  between non-strange hadrons.  The r u l e  would 

r e q u i r e  s i m i l a r l y  t h e  p roduc t ion  of p a i r s  o f  charmed 

i n  a s s o c i a t i o n  wi th  a J/y, ?Y\,y' 'etc. Thus a 

q u a n t i t a t i v e  t e s t  o f . t h e  O Z I  r u l e  i n  e i t h e r  c a s e  .can be 

achieved by measur ing t h e  fo rb idden  t o  al lowed r a t i o .  



S 
Lipkin  , has  argued however t h a t  i n  t h e  c a s e  o f 0  

-product ion a measurement o f  t h i s  R would n o t  be  a good t e s t  

o f  t h e  O Z I  r u l e  because o t h e r  dynamical c o n s i d e r a t i o n s  

reduce t h e  p r o b a b i l i t y  of p roduc t ion  of an  e x t r a  p a i r  o f  

s t r a n g e  p a r t i c l e s .  Th is  might l e a d  t o  an. apparen t  

supp re s s ion  of c o n j o i n t  p roces se s  i n  fav0.r o f  fo rb idden  

p roces se s ,  which would no t  n e c e s s a r i l y  imply t h e  f a i l u r e  o f  

t h e  O Z I  r u l e  i t s e l f .  Thus R i s  a t  l e a s t  an upperbound t o  t h e  

v i o l a t i o n  o f  t h e  r u l e .  

Recen t ly ,  t h e  ACCMOR' c o l l a b o r a t i o n  observed an 

i n c r e a s e  i n  t h e  r a t e  o f  KO p roduc t ion  ' i n  con junc t ion  

w i th  @ -mesons, 

They a l s o  saw ' some i n d i c a t i o n  o f  t h e  same e f f e c t  

f o r  p r ~ d u u  l i o n  irr a s s o c i a t i o ~ ~  wi t11  0 -mesons .  

I n  t h e  p r e s e n t  experiment wk s h a l l  s t udy  i n  p a r t i c u l a r  

t h e  semi- inclus ive  r e a c t  i o n s ,  



The c r o s s - s e c t i o n  f o r  t h e s e  r e a c t i o n s  a t  1 6  G ~ V / C  w i l l  

b e  g iven  and compared wi th  t h a t  f o r  i n c l u s i v e  p roduc t ion  of 

, '  a t  t h e  same i n c i d e n t  momentum. I n  F ig .  11-2, a r e  

shown examples of  0 product ion i n  t h e  021-allowed and O Z I  

f o rb idden  pTocesses.  

B- P r e s e n t  S t a t i ~ s  o f  t h e  ClZI Rule 

Exporimcntal  data  on the  O Z I  ~ ~ u l e  as i t  a p p l i e s  t o  

ppoduct ion p r o c e s s e s  a r e  very  s c a r c e  and conc lus ions  a r e  

o f t e n  c o n t r a d i c t o r y .  However, most o f  t h e  e x i s t i n g  eveidence 

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

can  be  summarized as follows';  

15 . . .  
1 -R.  A .  Donald . from thec  Liverpool  group s t u d i e d  t h e  

a t  3 .6  Gev/c.They observed t h e  supp re s s ion  o f  t h e  OZI 

fo rb idden  react ion(11-4b)  as cornp~red w i t h  t.he r e a c t i o n  ( 

11-44). However, t h e i r  r e s u l t  i s  based Qn a small. ni~mher , nf  . . 

c v c n t s ,  i d e n t i f i e d  by k lnewal ic  fits. They.have no t  s t u d i e d  

t h e  phase space  supp re s s ion  o f .  t h e  r e a c t i o n  11-4a; 

consequent ly  t h e i r  r e s u l t  fiemains on ly  a q u a l i t a t i v e  t e s t  o f  

t h e  r u l e .  
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2-Blobel,  e t  a1 s t u d i e d  0 1  produc t ion  i n  PP c o l l i s o n s  

a t  24 ~ e v / c .  They examined t h e  O Z I  r u l e ,  by s ea rch ing  f o r  

r e a c t i o n s  i n  which a s t r a n g e   article was produced 

accompanying @ . I n  p a r t i c u l a r ,  t hey  compared, 

p p @ + ,( (.," - J ~ r a y c )  

wi th  

P P - -  @ + K ; + X  

No tendency was observed f o r  t h e  O Z I  a l lowed c o n j o i n t  

r e a c t i o n  (11-5b) t o  dominate p roduc t ion .  

17 
3-AiEtkin, e t  a1 s t u d i e d  t h e  r e a c t i o n ,  

a t  22.6 ~ e v / c  and s e l e c t e d  1 @ and I @  proces se s .  A s tudy  

of  t h e  O Z I  fo rb idden  reac t ion(11-6a) ,  gave an o rde r  o f  

magnitude sma l l e r  c ro s s - sec t i on  f o r  i t  t h a n  . f o r  t h e  

OZI-favo~ed p roces s  (11-6b). 

4 .  A r e p o r t  from t h e  ACCMOR' c o l l a b o r a t i o n  shows 
0 

evidence f o r  an i n c r e a s e  . i n  th.e r a t e .  of  K s  p roduc t ion  i n  

r e a c t i o n g ,  

(w) + P 4 k- k+ + )( 

when M(K-K+) is i n  t h e  @-meson reg ion .  
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Given t h e s e  exper imenta l  obse rva t ions  .and t h e i r  

somewhat c o r i t r a d i c t o r y  conc lus ions  about  t h e  OZI r u l e ,  t h e  

need f o r  f u r t h e r ,  i n v e s t i g a t i o n  o f  t h e  r u l e  i s  c l e a r .  . So 

f a r ,  most exper iments  have s t u d i e d  @ -meson produc t ion  by 

f i r s t  d e t e c t i n g  a (K-K+) p a i r .  I n  bubble  chambers however, 
t 

t h e  , low r a t e  of v i s i b l e  K? decay and i n e f f i c i e n c y  of K'. 

i d e n t i f i c a t i o n  through k inema t i ca l  f i t s  have made i t  

d i f f i c u l t  t o  o b t a i n  a good sample o f  even t s  i n  which t h e  

l a r g e  geome t r i ca l  accep tance  could be e x p l o i t e d  t o  s tudy  
) 

p a r t i c l e s  accompanying t h e  @ . E l e c t r o n i c  spec t rome te r s  

a l s o  have accep tance  l i m i t a t i o n s .  

C-  Quark Fusion Models 

4 -General D e s c r i p t i o n  

The p i c t u r e '  o f  nuc leons  ob ta ined  from ana lye i f ,  o f  deep 
8 

i n e l a s t i c  s c a t t e r i n g  o f  e l e c t r o n s  and n e u t r i n o s  i s  t h a t  t hey  

c o n s i s t  of  t h r e e  ' 'valence" quarks  and a "sea"  o f  

quark-ant iquark p a i r s .  Par ton  models provide  i n fo rma t ion ,  

. . based on t h e s e  d a t a  about  t h e  momentum d i , s t r i b u t i o n s  o f  t h e  

quark and , g l u o n  c o n s t i t u e n t s  of  t h e  nucleo.n, and t h e o r i s t s  

have general . ized t h e s e  r e s u l t s  and ' have param'etrized t h e  
. . 

. . quark d i s t r i b u t i o n  f u n c t i o n s  fo r ,  p i o n s '  and kaons as w e l l  as 
. P.9 

f o r  nucleons,  They have made use  o f  t h i s  i n fo rma t ion  and 

a p p l i e d  pa r ton  models t o  l a r g e  t r a n s v e r s e  .momentum. (h igh  ~ t )  

r e a c t i o n s  i n  hadron c o l l ' i s i o n s .  



2 1  
I n  p r i n c i p l e ,  a n  a c c e p t a b l e  model must a l s o  d e s c r i b e  

low-Pt r e a c t i o n s  q u a n t i t a t i v e l y .  One a t t e m p t  t o  p r o v i d e  some' 

i n f o r m a t i o n  abou t  low-pt phenomena is t h e  q u a r k  f u s i o n  

model,  which is a g e n e r a l i z a t i o n  of t h e  Drell-Yan 

mechanism. Gunion and Landshoff  have g e n e r a l i z e d  t h e  

Drell-Yan mechanism and fo rmula ted  a model f o r  5 1 7  

p r o d u c t i o n  i n  hadron-hadron c o l l i s i o n s .  According t o  t h i s  

model ,  t h e  J / y  is  c r e a t e d  as a r e s u l t  o f  f u s i o n  o f  a 

quark  Q e m i t t e d  by one of t h e  i n c i d e n t  hadrons  and t h e  
- 

c o r r e s p o n d i n g  a n t i q u a r k  Q from . t h e  o t h e r .  , I t  i s  argued 

t h a t  f u s i o n  o f  a p a i r  o f  charmed q u a r k s ,  ( C F ) ,  from t h e  

" sea"  dominates  i n  J/Y p r o d u c t i o n  over  t h e  f u s i o n  o f  

o r d i n a r y  non-charmed quarks .  

P' Nand1 h a s  argued t h a t  quark  f u s i o n  model c a n  a l s o  b e  

a p p l i e d  t o  p r o c e s s e s  which i n v o l v e  p r o d u c t i o n  o f  

ordinary(non-charmed)  pseudo-sca lar  mesons and v e c t o r  mesons 

i n  h a d r o n i c  c o l l i s i o n s .  Thus, a c c o r d i n g  t o  t h e  model ,  a 

hadron o f  quark  c o n t e n t  ~ l g 2  i s  produced from f u s i o n  o f  a . ' 

quark  Q1 ,.and a n  a n t i - q u a r k  a2 from i n c i d e n t  hadrons .  

2 - I n c l u s i v e  Cross -Sec t ions  

To o b t a i n  ' t h e  i n c l u s i v e  c r o s s - s e c t i o n  . f o r  a q u a r k  
4 0 

f u s i o n  ,pr .ocess a g e n e r a l i z e d  form o f  t h e .  D r e l l -  Yan r e l a t i o n  

i s  used .  T h i s  c o n t a i n s  t h e  q u a r k  d i s t r i b u t i o n  f u n c t i o n s  . i n  

t h e  i n i t i a l  hadrons  as t h e  o n l y  i n g r e d i e n t s .  Thus t h e  

i n c l u s i v e  d i f f e r e n t i a l  c r o s s - s e c t i o n  i s  .g iven  by 



2. A R R 8 

A .16 =(1/3) (9 I Y R ) ( ~ ~ % I  m;)Xx 1 %  ( ~ ~ ( x , )  1- ' 2 )  + f- (%,I $ (:I) 
ddx I 9, 3, t 

where 1/3 is t h e  c o l o ~  f a c t o r ,  m is t h e  mass of  t h e  produced 
k 

v e c t o r  meson and m = (  hL + ( $ > ) . For d i r e c t l y  produced 
T 

2 
mesons i t  i s  assumed t h a t  < <) = . r s  ( G e v / c )  . From t h e  

Drell-Yan ~ e l a t i o n s ,  we have: 

which r e s u l t  i n ,  

and 

A 
F  (x) i s  t h e  p r o b a b i l i t y  o f  f i n d i n g ,  a quark 9 wi th  a 

9 
momentum f r a c t i o n  x i n  t h e  hadron A .  

r 0. 
Reoent ly  R.Kinnunon hao oomparcd c x p e ~ i m e n t a l  ~ e s u l t s  

on v e c t o ~  meson produc t ion  i n  hadron ic  i n t e r a c t i o n s  wi th  

p r e d i c t i o n s  of t h e  quark f u s i o n  model. I n  t h i s  work t h e  

quark d i s t r i b u t i o n  f u n c t i o n s  g iven  by t h e  Kuti-Weisskopf 
19 

model and quark coun t ing  r u l e s  a r e  used where, 



and where h ,  is t h e  s t r a n g e  quark supp re s s ion  f a c t o r  i n  

t h e  proton s e a .  For mesons t h e  p a r a m e t r i z a t i o n  of t h e  
. . 

Kutk-Weisskopf model based on s e v e r a l  phenomenolgical 
1 0  

arguments were used.  Then f o r  p ions ,  

f o r  kaons 

. 1.r. 

V' - c x )  O . ~ ~ C , I - ~ ) / G  
u, 0 

'and f o r  t h e  "sea"  quark c o n t r i b u t i o n s  from mesons, 

The model has  reproduced we l l  t h e  exper imenta l  r e s u l t s  

f o r  pOand K* produCtions i n  PP a n d  PP i n t e r a c t i o n s .  

- 
~~e  p r e d i c t i o n s  of t h e  model f o r  K* and K* product ion 

i n  ntf' i n t e r a c t i o n s  a t  16 ~ e v / c  were a l s o  compared w i t h  

t h e  e x i s t i n g  experim.enta1 ,da t a . '  ,Con t r ibu t ions  of v a r i o u s  

subpiocesses  t o  t h e  p roduc t ion  of K* and E* s t a t e s  a r e  g iven  

i n  Table 11-1 . P r e d i c t i o n s  of  t h e  .model f o r  d i f f e r e n t i a l  

c r o s s - s e c t i o n s ,  a r e  p resen ted  i n  F i g .  11-4, and compared 

wi th  t h e  exper imenta l  d a t a .  

It can be  seen  t h a t  t h e  p r e d i c t i o n s  of t h e  model a r e  not  

i n  p e r f e c t  agreement w i th  t h e  exper imenta l  r e s u l t s .  Th is  

i ncons i s t ency  f o r  K* p roduc t ion  i n  TT? p i n t e r a c t i o n s  and 

t h e  model' s s u c c e s s  i n  d e s c r i b i n g  t h e  exper imenta l  ' r e s u l t s  



for PP interactions. suggest that the quark distribution 

functions in mesons are not correctly parametrized. However 

some of the difficulties encountered by the model in 
+ 

describing the experimentally Observed spectra for K* and fi 
production can -be attributed to the fact that in former case 

several subprocesses contribute to K*. production and in 

the latter the contribution is only from "sea" quarks. 

Howe'ver, a aimpler and more direct test of the model. i .8 
. 1 

possible by comparing the experimental results for E;(sa) 
production . in the forward region( x >0.4 ) , where only the 

F n: F' 
'fusion of pion valence and the prdton sea quarks(V S ) . is 

present. 

- 0  ' 

The results from the present expeiiment on K* 
, . + 

production in n: P interactions are presented in Chapter VI, 

and a comparison of the results with the quark fusion model 

prediction is discussed in Chapter VII. 

U- Motivation for the Experimental Methods 

To 'overcome some of the difficulties encounter.ed in 

previous attempts to study the OZI rule in productio'n 

described in Section' 11-3, the present experiment was 

designed to combine features of bubble chamber and counter 

techniques in a single experiment.The procedure in selection 

was to detect 6-mesons by primarily triggering on forward 
t 

K- from TL P collisidns. The accurate 'measurement of the 
I 

angles and momenta of interactions as well as the detection 

of secondary ' particles abcompanying thd @-meson w a s  
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poss ib le  us ing  streamer chamber photographs of  t h e  

i n t e r a c t i o n s  occuring i n  a hydrogen t a r g e t  near t h e  ' center  

- of t h e  chamber. 

The choice 0f.K-. versu,s K+ f o r  a t r i g g e r  p a r t i c l e . ,  was. 
+ i 

made t o  avoid t r i g g e r s  from associa ted  production o f  (K Y ) 

which a r e  a  l a r g e  source of  K+ production. A streamer 

chamber w a s  s e l ec ted  as opposed t o  a bubble chamber because 

of ' t h e  r e l a t i v e l y  high beam and t r i g g e r  r a t e  t h a t  were 

poss ib le .  
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* 
I 1 - K arid .fi-* Product ion in Quark fusion Proccsscs 



+ - Fig. 1 1 - l a  
$+n a n o  ( 0 Z I  F o r b i d d r n )  Prn,.'.ss 

Fig .  1 1 - l b  
+ - 

w+n a (OZI Allowed) Process 

Fig. 11-lc 

.. ~ + K K  (OZI Allowed) Process 



Fig. I T-2a - An OZ1 - Forbidden  Proc .ess  f o r  
P r o d u c t i o n  o f  $-mesons:  
( n + + ~ + $ +  ( n o " - s t r i ~ n i c * ) )  

F i g .  11-2b - An+OZI A l l o w e d  c o n j o i n t  P r o c e s s  
(n  +P+$+KO+X) 

8 

I 1  
- - -- - -- 

11 + 
Y 

6 
\ !, n 

\ I  \ 
K 

\ I 1  

/ / 

F i g .  TI-2c - An OZT A l l o w c d  c o n j o i n t  ProcSess 
n+ + P  +4+h O+X) 



Fig .  11-3 Quark f u s i o n  I'rc)cess 



Fig I I - 4 - ~ r e d i . c t i o n s  of-Quark Fusion Model 
for db/dxf of K* and 3 in* interactions 

at 16 GeV/c. 



CHAPTER 111-EXPERIMENTAL APPARATUS . 

A-General D e s c r i p t i o n  o f  t h e  Experimental  Se tup  

T h i s  exper iment  was designed t o  s e a r c h  f o r  mesons 

c o n t a i n i n g  s t r a n g e  quarks  as may be produced i n  

7C? P i n t e r a c t i o n s .  The TL* beam had a momentum of  16  G ~ V / C  

and w a s  i n c i d e n t  on a l i q u i d  hydrogen t a r g e t  60.cm long .  The 

a p p a r a t u s  was designed ' t o  s e l e c t  r e a c t i o n s  of t h e  c l a s s ,  

w i th  K- momenta i n  t h e  range 2.5 <P < 1 6  ( G ~ v / c ) .  . ' 

A schemat ic  diagram o f  t h e  exper imenta l  s e t u p  is  shown 

i n  F i g . ,  111-1 . ' The major element was t h e  SLAC two meter 

s t r e a m e ~  chamber w i t h  t h e  hydrogen t a r g e t  l o c a t e d  near  i t s  

c e n t e r .  A se . t  o f  s c i n t i l l a t i o n  c o u n t e r s  i nc lud ing  coun te r  S3 

and a n t i - c o u n t e r s  An a n d  A g  shown i n  the rig. - 1  and  an  

upstream d i f f e r e n t i a l  ~ e r e n k o v  coun te r  de f ined  t h e  p ion  beam 

a t  t h e  target .  Forward K- and n- from r e a c t i o n  111-1 were 

d e t e c t e d  by 20 channe l  p i c k e t  f ence  c o u n t e r s  V 1 ,  V 2 ,  V 3  and 
. . 

V4, whose & f o l d  co inc idences  def ined t r a j e c t o r i e s  emerging 

from 'the .tarejet i11t;o 2U coa r se  momerituiii channnel .  F i n a l  

momentum d e t e r m i n a t i o n  o f  t h e  charged , p a r t i c l e s  was 

accomplished by measuring p a r t i c l e  t r a j e c t o r i e s  photographed 

i n  t h e  s t reamer  chamber. magnetic f i e l d .  A K- t r i g g e r  

r e q u i r e d  an i n c i d e n t  n+ s i g n a l ,  a co inc idence  s i g n a l  from 

cor.responding e lements  o f  a t  l e a s t  1 p i c k e t  '. . f e n c e  momentum 



channe l ,  and a n u l l  s i g n a l  f r o m . t h e  a p p r o p r i a t e  c h a n n e l  6f 
33 

t h e  10 - c e l l  'IK-" t h r e s h o l d  Cerenkov c o u n t e r  l o c a t e d  , b e h i n d  

t h e  p i c k e t  f e n c e .  T h i s  "K-" c o u n t e r  sys tem was des igned  t o  

d i s t i n g u i s h  IT'S from K ' s  i n  t h e  momentum r a n g e  . P>2:7, 

( G ~ v / c )  and t h e  r e j e c t i o n  e f f i c i e n c y  w a s  measured t o  b e  

99.846 a t  9  G ~ V / C .  T,ri'gger s i g n a l  which o o i n c i d e d  w i t h  a 

system r e a d y .  s i g n a l .  p u l s e d  t h e  s t r e a m e r  chamber t o  .permi t  

. . t h e  e v e n t  t o  b e  photographed,  and a l s o  recorded  on m a g n e t i c .  

t a p e  o t h e r  d a t a  i n c l u d i n g  s c i n t i l l a t i o n  c o u n t e r  l a t c h e s ,  

p u l s e  h e i g h t  i n . t h e  Cerenkov c o u n t e r s ,  s c a l e r s  a n d '  o t h e r  

i n f o r m a t i o n  from t h e  system. The d a t a  were passed  p a r t l y  v i a  

CAMAC t o  a PDP-9 p r o c e s s o r  which i n  a d d i t i o n  t o  c o n t r o l l i n g  

t h e  t a p e  d r i v e  p rov ided  o n - l i n e  m o n i t o r i n g  of  t h e  v a r i o u s  

d e t e c t o r s .  A second t h r e s h o l d  Cerenkov c o u n t e r ,  i d e n t i c a l  t o  

t h a t  used t o  e s t a b l i s h  t h e  K- t r i g g e r  was mounted on t h e  

o t h e r  s i d e  of  t h e  beam and p u l s e  h e i g h t s  from its 10 c e l l s  

were a l s o  r e c o r d e d .  T h i s  "K+" Cerenkov c o u n t e r  was used i n  

t h e  f i n a l  d a t a  a n a l y s i a  t o  . s e p a r a t e  K+ meso'ns from p a r t i c l e s  

whose t r a j e c t o r i e s  e x t r a p o l a t e d  t h r o u g h  t h e  c o u n t e r  c e l l s  -" 
D e t a i l e d . ' d e s c r i p t i o n s  o f  - t h e  d i f f e r e n t  segments  o f  t h e  

e x p e r i m e n t a l  a p p a r a t u s  are p r e s e n t e d  i n  f o l l o w i n g  s e c t i o n s .  

+ 
The Tt meson8 which comprised t h e  beam f o r  t h i s  

exper ' iment were produced by i n t e r a c t i o n s  of  t h e  SLAC pr imary  

e l e c t r o n  beam, a t  e n e r g i e s  o f  19 t o  21 G e V ,  i n  . a . . b e r y l l i u m  

t a r g e t .  Seoondary s p a r t i o l e s  were foouaed by a s e r i e s  o f  

magnets ,  fo rming  SLAC beam l i n e  23 ,  o n t o  t h e  s u c c e s s i v e  f o c a l  
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, p o i n t s ,  F1 and F2 ( s e e  F i g .  111-2). Two s c i n t i l l a t i o n  + ,  

c o u n t e r s ,  S1 and S2 moni tored  t h e  beam f l u x  a t  F2. A 

d i f f e r e n t i a l  g a s  Cerenkov c o u n t e r ,  C f ,  was used t o  s e l e c t  
+ 

It from c o n t a m i n a t i n g  K+ and P a t  t h i s  p o i n t .  

The l as t  s e t  o f  t h e  quadrupo le  magnets  23Q7-9, f o c u s s e d  

t h e  beam o n t o  t h e  hydrogen t a r g e t ,  i n  t h e  s t r e a m e r  chamber. 

A s c i n t i l l a t o r  S3 ( ~ i g .  111-1) was used t o  d e t e c t  p a r t i c l e s  

e n t e r i n g  an  ' a r e a  ? $1" ahead o f  t h e  t a r g e t .  Two 

s c i n t i l l a t i o n  a n t i - c o u n t e r s ,  AS and A N ,  s i g n a l l e d  beam h a l o  
. . 

p a r t i c l e s .  The beam c a m e . i n  1 . 5  s b u r s t s  w i t h  a b o u t  7 . . 

p a r t i c l e s  p e r  b u r s t  and a 1 /-(s d u t y  c y c l e .  For  most o f  t h e  

d a t a  t a k i n g .  t h e r e  were  abou t  120 b u r s t  p e r  second.  

+ 
The beam s i g n a l  " n I' was o b t a i n e d  by f o r m i n g  a 

c o i n c i d e n c e  between s i g n a l s  from S1,  S2,  3 3 ,  C f  and A=, 

~ e a m  momentum was determined by  measur ing  100 s i n g l e  

beam t r a c k s  from ~ t r e a m e r  chamber p i c t u r e s  and was found ' t o  

b e  15 .5k .8  G ~ V / C .  The f r a c t i o n  o f  . k a o n  and p r o t o n  

c o n t a m i n a t i o n  i n  t h e  beam w a s  e s t i m a t e d  from a n a l y s i s  of t h e  
v 

d a t a  from t h e  beam l i n e  Cerenkov' c o u n t e r ( C f ) .  T a b l e  (111-1 ) 
. . 

g i v e s  t h e  f r a c t i o n  o f  e a c h  o f  t h e s e  p a r t i c l e s  i n  t h e  beam. 

The momentum o f  t h e  beam was a l s o  de te rmined  from t h i s  

a n a l y s i s  t o  b e  162.13  G ~ V / C  c o n s i s t e n t  w i t h  t h e  beam t r a c k  

-measurements .  T h i s  a n a l y s i s  is d e s c r i b e d  i n  d e t a i l  i n  
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The beam t r a n s p o r t .  and moni to r ing  system a l s o .  inc luded '  

two s m a l l  MPWC chambers, each  cons t ruc t ed  o f  f o u r  p l a n e s  o f  

-X, Y ,  U 'and V 'with'  1 min w-ire spac ing .  The i n fo rma t ion  from 

t h e s e  MPWC chambers was t o  have been used i n  t h e  f i n a l  d a t a  

a n a l y s i s  f o r  measurement o f  t h e  c o o r d i n a t e s  and d i r e c t i o n  o f  

t h e  beam p a r t i c l e s  e n t e r i n g  upstream o f  t h e  s t r eamer  

chamber. However, t h e  u se  o f  t h e s e  in format ion  w a s  n o t  

. pos s ib l e  due . . t o  i n e f f i c i e n c y  o f  t h e  d e t e c t o r s  and t.he 
. . 

r e l a t i v e . 1 ~  l a r g e  beam' f 1 . u ~ .  . . 

a 
C-The Streamer  Chamber and Targe t  

The SLAC two meter  s t reamer  chamber was t h e  major 

ins t rument  i n  t h e  experiment s i n c e  i t  al lowed geome t r i ca l  

pa.rameters from i n t e r a c t i o n s  t o  be  measured. The chambe'r w a s  

a box 2m l o n g ,  .8 m wide and .6 m deep f i l l e d  w i t h  a 90% 

neon and 10$ helium gas mix tu re  t o  which was added i sobu tane  

one p a r t  i n  1000. Three p l a n e s  of w i r e s  formed t h e  

t r anspa re r i t  e l e c t r o d e .  E l e c t r o d e  w i r e s  were o f '  .25 mm 

. ,  diamete r  an& 1  cm spac ing .  

The l i q u i d  hydrogen t a r g e t  was a 60 cm l o n g  c y l i n d r i c a l  

t ube  3.17 cm i n  d iamete r  p laced  j u s t  above the. c e n t r a l  

e l e c t r o d e  w i t h  i t& end bap a t  t h e  c e n t e r  o f  t h e  s t r eamer  

chamber. The l i q u i d  hydrogen was i n  a vacuum j a c k e t  w i th  

o u t e r  and i n n e r  walls o f  t h i n  mylar  o f  t h i c m e s s  - -01 
. . 

cm. A foam and a c r y l i c '  suppor t  was a t t a c h e d  t o  t h e  t o p  o f  . . 

t h e  vacuum' j a c k e t  t o .  s e r v e  as 8 - ray  abso rbe r .  Three 
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f i d u c i a l  X-marks mounted on t o p  o f  t h e  6 - ray  s h i e l d  

. . 

l o c a t e d  t h e  t a r g e t  d p t i c a l l y  i n  t h e  s t reamer  chamber 

: photographs.  

The s t reamer  chamber was l o c a t e d  i n  a 1 m gap between 

two c i r c u l a r  c o i l s  which wi th  an i r o n  r e t u ~ n  yoke provided a - 
magnet ic  f i e l d  of 1 .3 T .  Three independent cameras were used 

t o  photograph t h e  chamber from above wi th  a s t r e o  angl 'e o f  

18' from each p a r t .  Numerical v a l u e s  f o r  v a r i o u s  parameters  

i n  t h e  s t reamer  .chamber photographic  system a r e  presen ted  i n  

Table  111-2. F ig .  111-3 shows a s i d e  view o f  t h e  

o p e r a t i o n a l  arrangement o f  t h e  s t reamer ,  chamber. 

3 , 

D- Cerenkov Counters  

The K- a n d . ,  K+ Cerenkov . coun te r s  were two 

l a r g e - a p e r t u r e ,  1 0 - c e l l  t h r e s h o l d  d e t e c t o r s .  The coun te ra  

were used as t h r e s h o l d  d e t e c t o r s  t o  s e p a r a t e  n,s from 

K , J .  .The K- carcnkcrv ' cirurlle~: ,was, used Lu ve Lu ylurls and 

d e f i n e  t h e  t r i g g e r  p a r t i c l e .  These coun te r s  have.  been 
3 .  

d e s e r  ibe.d i n  d e t a i l  i n  Nuclear . Ins t ruments  and 

Methods ( s e e  Appendix A ) . .  The Cerenkov' r a d i a t i o n  produced 

by charged p a r t i c l e s  t r a v e r s i n g  i sobutane  ( c H ( c H ~ ) ~ )  a t  

atmospheric gas pressure w a s  d e t e c t e d  i n  euuh ukluber by u ' 

system of 10 l i g h t  c o l l e c t i n g  c e l l s .  The index o f  r e f r a c t i o n  
. . 

of  t h e  i sobutane  r a d i a t o r  w a s  ( 1 0 0 0 1  1 . Fig .  111-4 

showes a ppojec ted  v i e w  of one . o f '  t h e  i d e n t i c a l  

c o u n t e r s .  The p ion  r e j e c t i o n  e f f . i c i e n c i e s  o f  a l l  twenty 

c e l l s  were measured d u i i n g  a tes t  r u n ,  u s i n g  a 9 ~ e v / c  Tt' 
. . 



. . 37 
beam. ' The o v e r a l l  av.er.aged e f f i c i e n c i e s  wer.e 99.848f.0069& 

', and 99.717_+.008$ f o r  t h e  K- and K+ Cerenkov c o u n t e r s ,  

r e s p e c t i v e l y  ( s e e  ~ ~ ~ e n d i x  A ) .  S t a t i s t i c a l  a n a l y s i s  o f  t h e  

p u l s e  he igh t  spectrum from one of t h e  ~ e r e n k o v  c e i i s  for a 9 

G ~ V / C  ,f beam, s u g g e s t s  a v a l u e  of 21 f o r  t h e  average  

number of  pho toe l ec t rons  genera ted  a t  t h e  photo-cathode. 

Given t h e  fo l l owing  equa t ion  f o r  Cerenkov l i g h t  emiss ion  a t  

ang le  6 9 

- a 
n=A L s i n e  

where 

. . .  

and 

L= p a t h  l e n g t h  (225 cm) 

A= 44 (from p u l s e  h e i g h t  a n a l y s i s )  

t hen  wi th  8 = .02166 r d ,  cor responding  t o  3 Gev/c 'p ions  wO 

would expec t  an 6 o f  4  p h o t o e l e c t r o n s .  Assuming a Poisson  

d i s t r i b u t i o n  we i n f e r  t h a t  t h i s  5 would g i v e  r e j e c t i o n  

e f f i c i e n c y  o f  € >98.1$ f o r  p ions  o f  3 Gev/c. T h i s  momentum 

v a l u e  war! used  i n  subs ' equen  c u t s  i n  t h e  a n a l y s i s .  

The p u l s e  h e i g h t  i n fo rma t ion  from each o f  t h e  20 c e l l s  

w a s  used i n  t h e  f i n a l  d a t a  a n a l y s i s  t o  i d e n t i f y  K- and,K+ 

mesons emerging from phohographed ' in te rac t ions  i n  t h e  t a r g e t  
. - .  

and ex t r apo la t ed  a t  a known momentum i n  a p a r t i c u l a r  , c e l l .  



E- Trigger  Hodoscope 

Four s e t s .  of  v e r t i c a l  "p icke t  fence" counters ,  V1 , V 2 ,  
. . 

V 3  and V4 were placed a t  2 ,  3 ,  4 and 6.45 meters downstream 

of t h e  streamer chamber r e spec t ive ly .  These. defined t h e  

t r a j e c t o r i e s  of  negat ive p a r t i c l e s  having momenta g r e a t e r  

than  2.5 ~ e ~ / c ( F i g .  111-1 ) . The momentum d e f i n i t i o n  f o r  a 

t r i g g e r  p a r t i c l e  w a s  accomplished by r e q u i r i n g  t h a t  

corresponding elements i n  t h e  4 p icke t  fence a r r a y s  be 

s t r u c k  i n  coincidence.  A n u l l  s i g n a l  from t h e  corresponding 

c e l l  of  t h e  K- th reshold  Cerenkov counter excluded ~ e -  and 

t h u s  defined a K-(or  P )  a s  t h e  t r i g g e r  p a r t i c l e .  

Each 'of  t h e  p i c k e t  fence a r r a y s  cons is ted  of 20 long 

s c i n t i l l a t i o n  coun te r s .  Tables 111-3, 4 a n d '  5 show t h e  
. . 

numerical va lues  r e l a t e d  t o  t h e  p h y s i c a l ,  conf igura t ion  o f  

t h e  counters .  

Each s c i n t i l l a t i o n  .counter, was viewed . by a 

photomul t ip l ie r  sh ie lded  with mu-meta1,and i ron  p ipe , . aga ins t  

t h e  50-100 gauss magnetic f i e l d .  The averaged e f f i c i ency  o f  

. t h e  p icket  fence  counter  s e t  was measured t o  be ( E =.482 

+.001) ( s e e  section' .  V-F f o r  d e t a i l s ) .  E f f . i c i enc ies ,  channel 

by c h a n n e l  a r b  given i n  ~ 8 h i . s  Tlf-4 .  Fig.  111-2 displays 

t h e  p icke t  fence counters  i n  p lace .  The "Logical Trigger" 

was defined as a. fast  l o g i c a l  coincident; of corresponding 

e1,ements i n  quadruple a r r a y  of coun te r s  i n  ant i -coincidence 

wi th  t h e  appropr ia t e  Cerenkov c e l l ,  
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LT= K .  XVl i .  V2i. ~ g u p / ~ ' j d o w n .  V4i. Clk- If1 -9 + ' where i s  def ined  i n  equa t ion  111-2. 

F-Electronics  and On-line Monitoring System 

l -Fas t  Tr igger  Logic 

I 

The main purpose o f  t h e  fast  e l e c t r o n i c s  i n  t h i s  

experiment was t o  d e f i n e  a master  t r i g g e r .  This  master  

t r i g g e r  was a co inc idence  o f  l o g i c a l  t r i g g e ~  (111-4) w i th  a 

system ready s i g n a l  which i n d i c a t e d  t h a t  camera and computer 

were f r e e  t o  record a new e v e n t ,  

MT= LT. SR 

Schematics f o r  beam and t r i g g e r  l o g i c  a r e  given i n  F i g .  

111-5 and Fig.  111-6. Beam r e l a t e d  s i g n a l s  were s e l e c t e d  

by a 2 p s  wide g a t e ,  produced by a .ga te  gene ra to r  which was 

t r i g g e r e d  by a .machine g a t e  rece ived  from SLAC a c c e l e r a t o r  

c o n t r o l .   he l a t t e r  c o n s i s t e d  of 1 ps  p u l s e s  .:eccurring a t  

t h e  same r e p e t i t i o n  r a t e  as t h e  p r i m a r y . e l e c t r o n  beam, b u t  

,l ps in:  advance of t he .  hem. The ou tpu t  o f  t h e  g n t c  

gene ra to r  w a s  vetoed ' b y  a i g n a l s  i n d i c a t i n g  any o f  t h e  

fo l lowing  cond i t i ons .  

a )  An event  had a l r e a d y  occured i n  t h e  beam s p i l l  and a 

l ~ g i c a l  t r i g g e r  had been gene ra t ed .  

b) The computer was busy r eco rd ing  t h e  d a t a  from a 

p r e v i o u s .  even t  (20-60 m s  dead t ime)  . 



c )  The manual beam switch was o f f .  

F i n a l l y ,  a master t r i g g e r  (111-7) w a s  generated and t h e  

' r e s t  o f  t h e  appara tus ,  inc luding  . t h e  streamer chamber 

pulse ' r ,  camera and computer readout ,  were t r igge red  by it as 

shown i n  Fig.  111-7. A s  a l s o  shown i n  Fig.  111-7, each 

t ime a trigger occurred, any f u r t h e r  t r i g g e r  was vetoed by a 
- 

200 m s  s i g n a l  generated by t h e  main g a t e  i n  order  t o  allow 

f o r  recharging of Marx genera tors  t h a t  f i r e d  t h e  streamer 

2- Cerenkov E l e c t r o n i c s  

The K- Cerenkov counter c i r c u i t s  had . two main 

funct ions : .  

a )  t o  produce a l o g i c  l e v e l  which would d i sc r imina te  

a g a i n s t  f i n  t h e  t r i g g e r  genera t ion  (111-4), and 

b )  t o  measure t h e  t o t a l .  charge .  i n  each photo-tube Qulse 

i n  the .  corresponding .channel o f  an ADC ( ~ n a l o g  t o  D i g i t a l  

Convertor) , f o r  subsequent logging on t h e  .magnetic t ape  

record o f  each event .  

Ten a d d i t i o n a l  u n i t s  also.  recorded the . '  pu lse  .height  

information dur ing  t h e  event gate for the 10 photo-tubcu ol 

t he  K+ Cerenkov counter .  



3-Data Recording and On-Line Monitoring System 41 

The on-line monitoring system consisted of a PDP-9 

.: computer and a CAMAC interface. . The master trigger served . . 

as an interrupt signal for the PDP-9. When an interrupt 

- .  signal. was received the computer performed the following 
- 

operations: 

. - a) sent a 20-60 ms wide busy signal to veto the beam 

gate generator and furth.er trigger; 
. I '  

b) redorded frame'and roll number; 

c) read into buffer all CAMAC data, including latches, 

scalars, ADC ' s, PWC data and the index of refraction. of the 
isobutane gas, then wrote this buffer on to magnetic tape; 

d) accumulated counter and other data for on-line 

monitoring of'system performance 

Data reco~ding was completed when'the streamer chamber 

was photographed by three independent cameras and the film 
- .  

wae advanoed. 
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T A B U ,  111-1 

Fractions of Various Contaminating 

Particles in the Beam 

Particle Fraction ($) Fraction ($) After C f  

, .. 

TABm 111-2 

Streamer Chamber Photographic , 

System ' 

- 

Demagnification 70 

Film Kodak 



T A B U  111-3 

Width of the Sc int i l la t ion  Counters. Used i n  

the Trigger ~odoscope (cm) 

Elements 



TABm 111-4 : 

. . 

Physical  Configuration of t h e  Picket  

Fence Counters 

Thickness (Inch) . I25 . I25  . .12j 25 
- 

Rela t ive  Distance t o  
t h e  Streamer Chamber (cm) 200 300 '4.0 0 645 

Distance Sh i f t ed  t o  Lef t  
from Center Line (cm) 0 3 6 13.5 

Length (cm) 



Efficiency of the Various E lements i n  Trigger Hodoscope 

* 
Efficiency Fraction of Triggers t Channel 

* Bfficiency is  Averaged for Measurement Performed a t  the 
Beginning and End of the Data Taking for  Up and Down Elements. 

* The Fraction of Triggers i n t b  Each Element is Determined 
Using a Montecaz'lo Calculation. 
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F i g  111-1- Layout  of Exper iment  



Meter 
F i g  111-2- SLAC Beam L i n e  23  

(Nots: D and  $ s t a r -d  f o r  D i p o l e  and  

Q u a d r u p s l e  rnzgnet,, r e s p e c t i v e l y . )  
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Fig 111-3- Sids View of the Streamer Chamber 



F i g  III-4- ~ r o j ' e - t e d  View o f  

n. Ceren:*:qv Counter 





VlOl 

Vlll 

VlOl 

Vlll 

t 
.V211.V311u.V41 

r 

11-20 UD CET,T 

i 

w +  L.T. 

.~201.~3Qld.~401.? 

1- 10 Down CELT 

.V211.~311d .~411.:3d 

11-20 Down. CELT 

Figure 111-6 
Geceratior! of Logical Trigger 
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CHAPTER I V  - CONDUCT OF THE EXPERIMENT 

A- Data A c q u i s i t i o n  

During May a n d  June  of  1978 t h e  SLAC two meter s t r e ; m e r  

chamber was exposed t o  t h e  lIf beam a t  1 6  ~ e ~ / c ( s k e .  s e c t i o n  

111-A). ~ u r i n ~  t h e  e n t i r e  d a t a  t a k i n g  p e r i o d ,  r o u t i n e  

checks  were done t o  v e r i f y  t h e  o p e r a t i o n  of t h e  equipment 

, i n c l u d i n g  t h e  s c i n t i l l a t i o n  and Cerenkov counte r  h igh 

v o l t a g e  s u p p l i e s ,  t h e  i n t e r f e r o m e t e r  used t o  measure t h e  

index  o f  r e f r a c t i o n  o f  t h e  i sobu tane  gas .  i n  . t h e  Cerenkov 

c o u n t e r s ,  t h e  i sobu tane  and n i t r o g e n  g a s  ' s u p p l i e s  used f o r  

t h e c e r e n k o v  c o u n t e r s  and t h e  s t r eamer  'chamber o p e r a t i n g  

d e v i c e s .  An on- l ine  d i s p l a y  program was a l s o  w r i t t e n  t o  

p l o t  coun te r  i n fo rma t ion  i nc lud ing '  t h e  number o f  ' h i t s  on 

each  element o f  t h e  p i c k e t  f ence  .and t h e  p u l s e  h e i g h t s , f o r  

each  Cerenkov c e l l .  The q u a l i t y  o f  t h e  s t reamer  chamber 

photographs  w a s  a l s o  checked d a i l y  t o  v e r i f y  t h e  o p e r a t i o n  

o f  t h e  photographic  system. S c a l e r  d a t a  were a l s o  recorded 

manually a t  t h e  end of each r o l l  t o  monitor  t r i g g e r ,  

e f f i c i e n c i e s .  T e s t  , s t r i p s  of f i l m  ware examined and 

mon i to r ing  measurements were made and ana lysed  a t  t h e  SLAC 

f i l m  a n a l y s i s  f a c i l i t y .  

~ u m e r i c a l  v a l u e s  f o r  v a r i o u s  ; e l a t ed  t o  d a t a  

a c q u i s i t i o n  pyocess a r e  g i v e n '  i n  Table  I V - 1  . 



B- Scanning 

Except f o r  t h e  o f f  l i n e  moni to r ing  a n a l y s i s  descr ibed  

above,  t h e  f i l m  scanning and measurement were c a r r i e d  o u t  a t  

T u f t s  by T u f t s  and Michigan S t a t e  U n i v e r s i t y  s canne r s .  

Scanning o f  t h i s  f i l m  was done i n  two s e p a r a t e '  pa s se s .  

I n  t h e  f i r s t  pa s s  t h e  f i l m  was searched f o r  e v e n t s  wi th  a K- 

t r i g g e r  t r a c k  through t h e  c o r r e c t  p i c k e t  f ence  channe ls .  I n  

t h e  second p a s s  . i t  w a s  searched f o r  e v e n t s  w i th  v i s i b l e  

n e u t r a l  p a r t i c l e '  decays ' ( ~ e e s )  and charged.  p a r t i c l e  

d e c a y s ( k i n k s ) .  The fo l l owing  sub-sec t ions  d e s c r i b e  t h e  

scanning procedures  and t h e  methods used t o  c o r r e c t  f o r  

i n e f f i c i e n c i e s  i n  t h e  p rocess .  

1 - I n c l u s i v e  K- Scan 

I n  t h i s  pa s s  about 8 pe rcen t  o f  t h e  f i l m  ( a  t o t a l  o f  

21787 frames) w a s  .scanned.  Scanners were g iven  a i ist  which 

summarized recorded in format ion  about  c o u n t e r s  - i n  t h e  p i c k e t  

f ence  . and Cerenkov a r r a y s ,  f .or each frame. View-3 o f  each 

frame (t 'aken by a . camera  cen te red .  on t h e  beam a x i s ) .  was 

f i r s t  examined. A l l  t r a c k s  i n  t h e  p i c t u r e  were roughly 

checked t o  s e e  whether a poss . ib le  v e r t e x  exi ' s ted  w i t h i n  t h e  

a p g ~ o x i m a t e  t a r g e t  a r e a ,  which w a s  marked by t h e  two 

downstrean t a r g e t  f i d u c i a l s ( ~ i g u r e  IV-1  ) . When such an 

even t  cand ida t e  w a s  found,  f u r t h e r  checks  were made t o  f i n d  

t h e  ' t r a ck  'which caused t h e  t r i g g e r  i n  t h e  coun te r s .  Each 

scanning  t a b l e  w a s  provided wi th  a templa te  wh ich ,d i sp l ayed  

t h e  approximate p o s i t i o n  of t h e  20 p i c k e t  f ence  counte r  
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channe l s  r e l a t i v e .  t o  t h e  t a r g e t  f i d u c i a l s .  I t  a l s o  showed 

most of t h e  f i d u c i a l  marks on t h e  s t r eamer  chamber. A l l  

. f a s t  n e g a t i v e  t r a c k s  were checked a g a i n s t  t h e  t empla te .  The 

impact p o i n t  of t h e  p a r t i c l e  on t h e  V1 counte r  a r r a y  w a s  

found u s i n g  a l i n e a r  e x t r a p o l a t i o n  from t h e  end of t h e  

v i s i b l e  t r a c k  i n  t h e  photograph.  F i n a l l y ,  an event  was 

recorded  as l e g i t i m a t e  i f  t h e  channel  number i n f e r r e d  from 

t h e  t empla te  was w i t h i n  +2 o f  t h e  channe l  number w h i e h  made 

t h e  l o g i c a l  co inc idence  t h a t  t r i g g e r e d  t h e  s t reamer  chamber 

f o r  t h a t  frame. Note t h a t  i n  t h e  scanning  p r o c e s s ,  even t s  

which con ta ined  more t han  14 charged t r a c k s  were recorded 

b u t  no t  f l agged  f o r  measurement. Th is  r u l e  was a l s o  a p p l i e d  . . 

t o  t h e  " second p a s s n ( v e e  scan)  as w e l l .  

One of  t h e  major d i f f i c u l t i e s  which w a s  encountered i n  

t h e  scanning  and measuring o f  t h i s  f i l m  was t h e  presence of 

m u l t i p l e  l n t e r a c t i o n s  i n  ' t h e  p i c t u r e s .  ~ n t e r a c t i o n s  t o  

which t h e  t r i g g e r  t r a c k  c l e a r l y  d i d  n o t  p o i n t  were excluded.  

Yet i n  m o s t . c a s e s  t h e  r e s o l u t i o n  o f  t h e s e  even t s  w a s  ve ry  

d i f f i c u l t ,  because  t h e  t r i g g e r  t r a c k  was t o o  s t r a i g h t  and 

p d s s i b l e  d v e i t  v e r t i c e s  were l o c a t e d  t o o  c l o s e  t o g e t h e r .  
. . 

Fur such fraiiles, t h e  i n t e r a c t i o n s  were t r e a t e d  as ofie s i n g l e  

even t  and t h e  r e s o l u t i o n  o f  t h e  problem w a s  l e f t  t o  t h e  

a n a l y s i s  program , which e x t r a p o l a t e d  t r a c k s  ' t o  v e r t i c e s  

h idden i n  t h e  t a r g e t  (APACHE s e e  S e c t i o n  V-B) , 



2- Vee Scan 

A comple te  p a s s  was made on t h e  f i l m  t o  . s e a r c h  f o r  

v i s i b l e  decay ing  n e u t r a l  p a r t i c l e s  a s s o c i a t e d  w i t h  a 

t r i g g e r i n g  K-.  I n  t h i s  p a s s  w a s  a l s o  r ecorded  any e v e n t  

which c o n t a i n e d  a k i n k i n g  t r a c k ( a  p o s s i b l e  KT o r  z' d e c a y ) .  

The two c l e a r e s t  views of  e v e r y  f rame were examined t o  

f i n d  t h e s e  Vees o r  k i n k s . '  . A  p a i r  o f  p o s i t i v e  and n e g a t i v e  

t r a c k s  w a s  . accep ted  as a Vee decay i f  t h e  decay v e r t e x  was 

v i s i b l e  i n  a t  l e a s t  two v iews.  When a frame w a s  found t o  

c o n t a i n  a Vee decay o.r a, k i n k ,  i t  was t h e n  examined' as i n  

t h e  f i r s t  p a s s ,  - f o r  t r i g g e r  t r a c k  l e g i t i m a c y  and f o r  a 

pr imary  e v e n t  v e r t e x .  F i n a l l y ,  a n  e v e n t  w a s  r ecorded  i f  t h e  

Vee o r  k i n k  was a p p r o x i m a t e l y  c o n s i s t e n t  w i t h  an  o t h e r w i s e  

l e g i t i m a t e  charged p a r t i c l e  e v e n t  v e r t e x  w i t h i n  t h e  t a r g e t  

a r e a .  A summary o f  t h e  r e s u l t s  from two s c a n n i . n g . p a s s e s  js 

p r e s e n t e d  i n  Tab le  IV-2. 

3- Scanning E f f i c i e n c y  . 

a)  Vee s c a n  

, . T o  de te rmine  t h e  d e t e c t i o n  p r o b a b i l i t y  of  VO e v e n t s ,  . 9 
. . 

r o l l s ,  n e a r l y  10 p e r c e n t  o f  t h e  d a t a  sample (29000 f r a m e s )  

were r e scanned ,  i n  each  c a s e  by  a s c a n n e r  d i f f e r e n t  from t h e  

one who had done t h e  f i r s t  s c a n .  The two r e s u l t s  were 

compared and a l is t  o f  t h e  e v e n t s  n o t  found i n  common was 

p repared .  These e v e n t s  were t h e n  rechecked by t h e  a u t h o r  

and by  a s e n i o r  s c a n n e r .  Such e v e n t s  which were found t o  be  
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i l l e g i t i m a t e  were exc luded .  F i n a l l y  t h e  r e s u l t i n g  r e c o r d s  

. were compared and f o l l o w i n g  i n f o r m a t i o n  w a s  e x t r a c t e d  from 

them.: 

N 1 =  number o f  e v e n t s  r ecorded  i n  f i r s t  s c a n ,  

N2= number o f  e v e n t s  r ecorded  i n  second s c a n ,  . ' 

N12= number o f  e v e n t s  r ecorded  i n  b o t h  s c a n s .  

The n u m e r i c a l  v a l u e s  f o r  t h e s e  p a r a m e t e r s  a r e  g i v e n  i n  

'Table I V - 3 .  If t h e  l o s s  o f  e v e n t s  were random, t h e  

p r o b a b i l i t y  t h a t  a n  e v e n t  would b e  s e e n  by a s i n g l e  s c a n n e r  
1 

would b e ,  f o l l o w i n g  t h e  Geiger-Werner method, 

where N i s  t h e  t o t a l  n u m b e ~  o f  e v e n t s  p r e s e n t  and N i  i s  t h e  

number of e v e n t s  observed by i t h  scanne? .  The ' p r o b a b i l i t y  

t h a t  bo.th s c a n n e r s  d e t e c t  an  e v e n t  is s i m i l a r l y  e s t i m a t e d  as 

Given t h a t  two s c a n s  were done i n d e p e n d e n t l y  and 

assuming t h a t  t h e  l o s s e s  a r e  u n c o r ~ e l a t e d ,  

Thus,  



and 

The g l o b a l  e f f i c i e n c y  is  d e f i n e d  as t h e  p r o b a b i l i t y  

t h a t  an  e v e n t  can  be  d e t e c t e d  i n  a t  l e a s t  one  o f  t h e  two 

s c a n s ,  t h e r e f o r e ,  

where NO i s  t h e  t o t a l  number o f  e v e n t s  d e t e c t e d  by two 

s c a n n e r s .  

. . 
To e s t i m a t e  t h e  u n c e r t a i n t y  i n  e f f i c i e n c i e s ,  t h e  

f o l l o w i n g  fo rmula ,  based on s t a t i s t i c a l  u n c e r t a i n t i e s  i n  t h e  

.number o f  d e t e c t e d  e v e n t s ,  i s  used:  . . 

. - 
and 

The r e s u l t s  f o r  scann ing  e f f i c i e n c i e s  a r e  g i v e n  i n  

Table  IV-4. 

b- I n c l u s i v e ,  K- Sc'an . . 

To e s t i m a t e  t h e  d e t e c t i o n  p r o b a b i l i t y  f o r  a l e g i t i m a t e  

e v e n t (  a n  even t  which l a y .  w i t h i n  t h e  t a r g e t  a r e a  and was 

a s s o c i a t e d  w i t h  a l e g i t i m a t e  t r i g g e r  t r a c k )  , 541 0 f rames  



were re scanned  from t h e  f i l m  sample which .had  been scanned 

' and measured d u r i n g  t h e  " f i r s t  pass"  f o r  i n c l u s i v e  K- 

e v e n t s .  The two s c a n n i n g  r e s u l t s  were compared and  

n u m e r i c a l  v a l u e s  f o r  N 1 ,  N2 and N12, d e f i n e d  i n  t h e  p r e v i o u s  

s e c t i o n ,  a r e  g i v e n  i n  Tab le  IV-3. 

F o l l o w i n g  t h e  Geiger-Werner p r o c e d u r e ,  above ,  s c a n n i n g  

e f f i c i e n c i e s  were  e s t i m a t e d  w i t h  t h e  r e s u l t s  p r e s e n t e d  i n  

T a b l e  IV-3. 

C- Event  Measurement 

Measurement o f  s e l e c t e d  e v e n t s '  w a s  done on two 3-view 

IPD (1mage P l a n e .  ~ i g i t i z e r )  P r o j e c t o r s .  The p r o j e c t t o n  

l e n s e s  used were  o f  f o c a l  l e n g t h s  90  m m ( ~ a c h i n e  3 )  and 105 

mm(Machine 4 ) .  Magnif ied  images o f  t h e  t h r e e  v iews o f  t h e  

f i l m  on a h o r i z o n t a l  t a b l e  wer.e d i g i t i z e d  i n  t h e  X-Y. p l a n e  

u s i n g  o p t i c a l  e n c o d e r s  w i t h  l e a s t  c o u n t . o f  1 m i l .  The image 

t o  t a b l e  m a g n i f i c a t i o n  of t h e  l e n s e s  was abo11t 15.  

C o r r e c t i o n s  f o r  d i s t o r t i o n  o c c u r i n g  i n  t h e  p r o j e c t i o n  p r o c e s s  

were  o r i g i n a l y  based  upon measurements  o f  a f i l m  on which 

w a s  drawn a .  p r e c i s i o n  r e c t a n g u l a r  g r i d ,  w i t h  1 / 2  cm l i n e  

s p a c i n g .  However 'it w a s  l a t e r  dec ided  t o  u s e  a comple te  s e t  

o f  measurements  of 1 1 .  v i  s i h l  e f j ducj  als(28 , t o t a l )  . See 

S e c t i o n  V-A f o r  d e t a i l e d  d e s c r i p t i o n  o f  t h e  method. 

The measurement p r o c e s s  was c o n t r o l l e d  and r e c o r d e d  by 

a PDP-8 computer .  The e v e n t s  s e l e c t e d  d u r i n g  t h e  s c a n n i n g  

p r o c e s s  were re-examined by  t h e  measurer  f o r  t r i g g e r  t r a c k  

l e g i t i m a c y ,  f o r  a p o s s i b l e .  e v e n t  v e r t e x  and t o  e s t a b l i s h  t h e  
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o v e r a l l  topology 'of t h e  t r a c k s .  I n  t h e  c a s e ' o f '  t h e  Vee scan 

even t s  t hey  .were  a l s o  checked f o r  V '  s o r  k i n k s  i n  t h e  

p i c t u r e .  I f  s t i l l  accep tab l e  t h e  measurement o f  t h e  even t  

was c a r r i e d  o u t .  I n i t i a l y  t h e  l o c a t i o n s  i n  each view of  

four  s t reamer  chamber f i d u c i a l  marks weye recorded .  These 

marks a r e  shown i n  F igure  I V - 1  as c i r c l e d  p o i n t s .  The 

measurement of t h e  e v e n t s  w a s  t hen  completed by r e c o r d i n g  i n  

each view t h e  l o c a t i o n s  o f  s i x  p o i n t s  a long  each t r a c k ,  

s t a r t i n g  a t  t h e  v i s i b l e  e x i t  p o i n t s  of t h e  t r a c k  from t h e  

s t reamer  chamber and working as c l o s e  t o . t h e  pr imary v e r t e x  

as t h e  t r a c k  remained v i s i b l e .  The maximum t u r n i n g  ang le  
6 

measured f o r  each t r a c k  w a s  60 r e f l e c t i n g  a l i m i t a t i o n  i n  . . 

t h e  t r a c k  r e c o n s t r u c t i o n  programs. Tracks o f  v i s i b l e . l e n g t h  

l e s s  than  1 inch were measured as "two po in t "  t r a c k s  a t  t h e  

end and beginning.  The decay v e r t e x  f o r  Vees was measured 

as t h e  l as t  p o i n t  o n .  t h e  nega t ive  t r a c k  o f  t h e  Vee decay.  

Kink v e r t i c e s  were measured as t h e  l a s t  p o i n t  on t h e  

ou tgo ing  t r a c k  from decay v e r t e x .  

A l l  o f  t h e  s e l e c t e d  e v e n t s  were measured.. The 

measurement d a t a  which were on a 7 - t r ack  magnetic t a p e ,  were 

e d i t e d  on a PDP-1 computer.  he r e s u l t i n g  ou tpu t  d a t a  w a s  - 
processed through' a program' c a l l e d  PANEL which re-arranged 

' t h e  in format ion  t o  be acceptable f o ?  t h e  t , rack 

r econs t ruuc t ion  program TVGP(SLAC even t  f o r m a t ) .  The ou tpu t  

d a t a  ~ ~ O ~ P A N E L  was t h e n  processed through TVGP , f o r  even t  

r e c o n s t r u c t i o n .  Events  which f a i l e d  t o  p a s s  t h e  

requ i rements (descr ibed  i n  c h a p t e r  V )  i n  any o f  t h e s e  

\ .  
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p r o c e s s e s ( ~ ~ ~ - l  , PANEL and T V G P )  were subsequent ly  

remeasured.  Table  IV-2 Summarizes t h e  p a t t e r n  o f  t h e  d a t a  

f low through v a r i o u s  p rocesses .  

D- Co r r ec t ' i ons  f o r  t h e  Loss o f  Events  i n  Measurement 

1 -  To c o r r e c t  fo.r t h e  l o s s  o f  e v e n t s  i n  obscu red .  

f r ames ,  wc a a a i g n  a weiglil f a c t o r  1 / ~ m  where, 

where N t o t a l  i s  t h e  t o t a l  number o f  e v e n t s  measured, and 

N l o s t  is  t h e  number o f  e v e n t s  ' recorded.  by s canne r s  as 

unmeasurable ,. i n  t h i s  c a s e  obscured.  

An e s t i m a t i o n  o f  Em was p o s s i b l e  u s ing  t h e  in format ion  

from "K- i n c l u s i v e  scan" where Nlost=107 w a s  es t ima ted .  

Thus, . u s ing  Table  IV-2 we g e t ,  

2- Another c o r r e c t i o n  f a c t o r  de f ined  by 

l e g i t i m a t e  e v e n t s )  

Ehm was used t o  c o r r e c t  t h e  d a t a  f o r  t h e  l o s s  . o f .  h igh  

m u l t i p l i c i t y  e v e n t s  ( Note t h a t  t h e  denominator i n c l u d e s  t h e  

h igh  m u l t i p l i c i t y  e v e n t s  ( n >  1 4 ) ) .  , I t  should  be n o t e d  t h a t  
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t h i s  d e f i n i t i o n  is based ' o n '  t h e  assumption t h a t  t h e  

' , f r a c t i o n  of  t h e  d a t a  t h a t  is of  any i n t e r e s t  i n  t h e  r e j e c t e d  

h igh  m u l t i p l i c i t y  even t  s e t  i s  t h e  same as t h a t  i n  t h e  

measured d a t a  sample. Using t h e  numerical  v a l u e s  g iven  i n  

Table IV-2 Ehm was determined t o  b e ,  

Ehm=.877+.004 For no ~ e e  e v e n t s  

and 

Ehm=.923+.002 For  Vee e v e n t s  

3- A c o r r e c t i o n  f a c t o r  Ep was a l s o  c a l c u l a t e d  f o r  t h e  

l o s s  o f  e v e n t s  i n  PANEL-TVGP. To g e t  Ep t h e  fo l l owing  

informat ion w a s  used:  

G 1 =  number o f  even t s ,wh ich  passed TVGP t h e  f i r s t  t i m e ,  

and 

G2= number o f  e v e n t s  which passed a f t e r  a second 

measurement, having f a i l e d  t h e  f i r s t  t ime 

Ep is then  de f ined  as 

E ~ = ( G I + G ~ ) / G  . . 

where.G is  t h e  t o t a l  number of measurable e v e n t s  i n  t h e  

sample. The procedure  u t i l i ' z e d  hese  is based on t h e  

assumption t h a t  t h e  l o s s e s  occur i n  u n c o r r e l a t e d  random 

p roces se s  such as: 
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a)  a p p e a r a n c e  o f  a bad c h a r a c t e r  i n  t h e  mC::znurernt!nt, 

d a t a  r e c o r d  of  an e v e n t  ( c a r d  im.ages) ,  

.b) c a r e l e s s  measurement o f  l o c a t i o n s  o f  f i d u c i a l  marks ,  

c )  bad measurement o f  a t r a c k ,  

d )  wrong c o d i n g  o f  e v e n t  .type., 

o r  v a r i o u s  o t h e r  u n o o r r o l a t o d  oauaca ,  I n  a l l  t h c a c  

c a s e s  t h e  l o s s e s  c a n  be  c h a r a c t e r i z e d  as random. However, 

t o  e l i m i n a t e  a p o s s i b l e  c o r r e l a t e d  c a u s e  of . e v . e n t  l o s s  i n  

r e c o n s t r u c t i o n  p r o c e s s e s ,  t r a c k s  which w o u l d d e f i n i t e l y  have 

caused  an  e v e n t  t o  f a i l ,  s u c h  ' a s  s h o r t  ( (1  i n c h )  and t h i c k  

t r a c k s ,  were measured as "two p o i n t " t r a c k s  i n .  t h e  

remeasurement p r o c e s s  as w e l l  as t h e  o r i g i n a l  measurement 

p r o c e s s .  
, ' 

Given t h e  random l o s s  a s sumpt ion ,  t h e  s u c c e s s f u l  
. . .  

f r a c t i o n  o f  t h e  f i r s t  e v e n t  measurements w i l l  be  t h e  same as 

t h a t  f o r  t h e  re-measurement s e t .  Thus 

Therefore ,  



65  
A fraction of the inclusive K- event sample (10 percent) 

was used to estimate the processing efficiency. The 

numerical values for GI, G2 and . ~ p (  .processing efficiency) 

are given in Table IV-4. 



E- Comments 
6 6  

The even t  s e l e c t i o n ,  t h a t  i s ,  t h e  t a s k  o f  d e f i n i n g  

l e g i t i m a t e  i n t e r a c t  i o n s  i n  t h e  scanning and measuring 

p r o c e s s e s ,  was made complicated by t h e  presence o f  m u l t i p l e  

i n t e r a c t i o n s  i n  t h e  p i c t u r e s .  The s o l u t i o n  chosen f o r  t h i s  

problem was t o  t r e a t  them as s i n g l e  e v e n t s  i n  bo th  scanning  

and measuring.  However, t h i s  choice' f u r t h e r  complicated t h e  

p r o c e s s  f o r  t h e  ve ' r tex  f i n d i n g  program APACHE, and 

consequent ly  i nc rea sed  t h e  u n c e r t a i n t y  i n  mass 

d e t e r m i n a t i o n ,  as w i l l  be s een  i n  fo l l owing  c h a p t e r s .  

The h igh  d e n s i t y  of  beam p a r t i c l e s  ( 8 xt / p i c t u r e )  

obscured t h e  ~ e g i o n  i n  t h e  p i c t u r e s  where f a s t  forward 

t r i g g e r .  t r a c k s  were t o  be found.  This  ' r equ i r ed  c l o s e  and 

c a r e f u l  examinat ion o f  t h e  beam reg ion  which could r e s u l t  i n  

a scanning i n e f f i c i e n c y .  I t  a l s o  r e s u l t e d .  i n  t h e  poor 

measurement o f  t h o s e  t r a c k s  whi'ch were p a r t l y  o b ~ c u r e d  by 

th,e Ueam p a r t i c l e s ,  g i v i n g '  l a r g e  u n c e r t a i n t i e s  i n  t h e  t r a c k  

paramete rs  a s , r e c o n s t r u c t e d  by TVGP. 
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TABLE IV-1 

Data Aquisition 

flumber of Beam Pulses 

Number of Beam P a r t i c l e  

Number of Par t i c l e  per h i l s e  

Number of Triggers 

Number of Trigger per  at 
Dead Time 

Number of Rolls of Film 

Number of Days of Data Taking 



TABU3 I V - 2  

Scanning and Measurement Pattern of the Analysed Events 

Quantity 
- 
K Inclusive Scan Vee Scan 

Numbek' of Rolls Anaiysed 7 72 

Number .of Frames Scanned 21787 253623 

Number. of Frames Recolded 8488 with Vee ' 25910 
with Vee 
and Trigger 9333 

Re3 ected as High Multi- 
plicity 1044 2014 

Number of Events Measured 6094 
in First Pass 

Number of Reconstructed 
, Events from First Pass 

(PDP-1, PANEL and TVGP ) 3715 + 86 
) 

Number of Events Measured 
in the Second Pass 1559 

Number of Events M e a s d  
in the Second Pass.which 
were not Measured in the 
First Pass 501 

Number. of Reconstructed 
Events from the Second 
Pass (TVGP) . ... 



TABLE I V - 3  

Scanning Efficiency for Vee and Inclusive Scan 

Quantity Inclusive Scan Ve.e Scan 

. . 
# Frames ~ecorded ' in 

First Pass (N1) 

#  frame^ Reaorded in 
Second Pass (N2) 

# Frames Recur.ded Pli 
both Pass 

Scanning Efficiency in 
First Pass 

Scanning Efficiency in 
Second. Pass 

Global Efficiency 96 2 t %  95 2 9 %  



TABLE IV-4 

Processing Efficiency 
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CHAPTER V-ANALYSIS OF THE MEASURED D A T A  

A-Geometrj.ca1 R e c o n s t r u c t i o n  o f  Photographed E v e n t s  

The a n a l y s i s  w a s  c a r r i e d  o u t ,  f i r s t  by r e c o n s t r u c t i o n  

of  t h e  t r a c k s  i n  r e a ' l  s p a c e ,  u s i n g  a modi f i ed  v e r s i o n  o f  t h e  
I 

SLAC Three View Geometry Program ( T V G P ) .  

A program PANEL, was w r i t t e n  t o  t r a n s l a t e  measurements  

from T u f t s  c a r d  image f o r m a t  i n t o  t h e  SLAC TVGP i n p u t  

fo rmat .  For  each  e v e n t  , t h e  f o u r  measured f i d u c i a l s  were 

used i n  TVGP as t h e  b a s e s  f o r  t h e  t r a n s f o r m a t i o n  from t h e  

p r o j e c t o r ' s  image p l a n e  i n t o  a s t a n d a r d  f i l m  p l ane .  The 

f i r s t  p a r t  o f  t h e  t r a n s f o r m a t i o n  was done i n  s u b r o u t i n e  

ENGINE t o  c o r r e c t  f o r  m a g n i f i c a t i o n  o f  t h e  l e n s e s  and f o r  

a l ignment  d i s t o r t i o n s  a r i s i n g  from t h e  p r o j e c t i o n  o f  t h e  

f i l m e d  images o n t o  t h e  t a b l e  where measurements were made. 

The f o l l o w i n g  p r o c e d u r e  w a s  developed t o  g e n e r a t e  t h e  

n e c e s s a r y  mapping f u n c t i o n s .  

1 )  S e v e r a l  t i m e s  d u r i n g  t h e  e v e n t  measurement p r o c e s s  

on each  o f  t h e  two t a b l e s  t h e  l o c a t i o n s  of  a l l  2 8  s t r e a m e r  

chamber f i d u c i a l  marks were measured c a r e f u l l y  and 

r e p e a t e d l y .  A l t e r n a t i v e l y ,  t h e  l o c a t i o n s  .were measured of 

t h e  i n t e r s e c t i o n s  o f  l i n d s  drawn on a p iece '  o f  f i l m  ' w i t h  a 

p r e c i s i o n  112 cm g r i d  s p a c i n g .  However, t h e  f i n e r  

r e s o l u t i o n  o f  t h e  i n t e r s e c t i o n  p o i n t s  i n  t h e  f i d u c i a l  marks 

made t h e i r  measurement more a p p r o p r i a t e  f o r  u s e  i n  t h e  

mapping p r o c e s s *  



2 )  These p o i n t s  were mapped i n t o  t h e  cor responding  74  

p o i n t s  a s  measured on t h e  same f i l m  by a f i l m  p lane  engin'e,  

through t h e  t r a n s f o r m a t i o n s :  

Xf i lm=f  (ximage, Yimage) 

Yf i l m = g ( ~ i m a g e ,  ~ i r n a g e )  

These f u n c t i o n s  were r e a l i z e d  as t h i r d  o rde r  polynomial 

expansions whose c o e f f i c i e n t s  { a i  1 and [ b i  1 were determined 

by a leash  squaroo mcthod. 

These f i t t e d  c o n s t a n t s  were pu t  i n t o  t h e  TVGP 

sub rou t ine  ENGINE which t ransformed every measured d a t a  

p o i n t  i n t o  t h e  cor responding  f i l m  p lane .  Each t ime  t h e  

p r o j e c t i o n  l e n s e s  o f  t h e  'image p lane  d i g i t i z e r s '  were 
. , 

a d j u s t e d ,  a new s e t  o f  o p t i c a l  c o n s t a n t s w a s  genera ted  from 

t h e  f i d u c i a l  measurements and used wi th  t h e  cor responding  

d a t a .  During t h e  measu1:ement p roces s  s p e c i a l  c a r e  . w a s  t aken  

t o  ensure  t h a t  t h e  filmed image was c o ~ r e c t l y  l o c a t c d  w i t 1 1  
I 

r e s p e c t  t o  t h e  o r i g i n  o f  measurement coordi.nn.tns. 

A TVGP s u b r o u t i n e ,  TYPSUB, was w r i t t e n  f o r  t h i s  

experim'ent.  A l 1 , n e g a t i v e  t r a c k s  were r e c o n s t r u c t e d . a s  K-,  7 

and h- and p o s i t i v e s  as K + ,  P  and n+. charged t r a c k s  

f from Vee decays  were r econs t ruc t ed  as e ,  2 and P. Kinking 

t r a c k s  were t r i e d  as R, L and K.. .. The TVGP a n a l y s i s  w a s  



s t anda rd ,  w i t h  al lowance f o r  t h e  g a s  f i l l i n g  and t h e  absence 75 

of g l a s s  window i n  t h e  s t reamer  chamber. A pa ramet r ized  map 

of  t h e  non-uniform ( 1 .  T )  magnetice f i e l d  of  t h e  

s t reamer  chamber was provided f o r  TVGP i n  sub rou t ine  FIELD. 

The geome t r i ca l l y  r e c o n s t r u c t e d  t r a c k  ou tpu t  from TVGP 

was a s tandard  d a t a  record  c o n t a i n i n g  t h e  v a l u e s  o f  a l l  

t r a c k  parameters  and an a d d i t i o n a l  d a t a  record c o n t a i n i n g  

d e t a i l e d  s p a t i a l  e r r o r  m a t r i c e s  f o r  t h e  r econs t ruc t ed  t r a c k s  

which were. needed l a t e r  by t h e  v e r t e x  f i n d i n g  'program 

APACHE. 

Measurement:data were f i r s t  processed through TVGP t o  

e s t a b l i s h  and s e l e c t  e v e n t s  r e q u i r i n g  remeasurement..  The 

. r e s u l t i n g  i n t e rmed ia t e  d a t a  were t hen  processed through 

APACHE ( next  s e c t i o n ) .  A s  a t e s t  o f  measurement q u a l i t y  

t h e  "Film Root Mean Square" (FRMS) genera ted  by TVGP f o r  

each r econs t ruc t ed  t r a c k ,  was used.  F ig .  V-1 shows t h e  

d i s t r i b u t i o i n  o f  t h e  FRMS f o r  measured t r a c k s .  These 

f i g u r e s  show a c l e a r  dependence o f t  FRMS on ,measurer .  A s  i t  

can be seen i n  F ig .  V-la t h e  average FRMS f o r  measurer 

number 1 . i s  much l e s s  t h a n  t h a t  f o r  a l l  o t h e r s .  The e f f e c t  

of t h e  FRMS i n  v e r t e x  r e c o n s t r u c t i o n  w i l l  be d i s cus sed  

f u r t h e r  i n  ' t h e  nex t  s e c t i o n .  TVGP assumed a c o n s t a n t  f i l m  

s e t t i n g  e r r o r  o f  4 l e a s t  coun t s  ( l e a s t  count  = 1 m i l  on IPD 

t a b l e . ) ,  t o  c a r r y  o u t  t h e  f i t t i n g  process .  



76 
An o v e r a l l  t e s t  o f  t h e  accuracy of  t h e  magnetic f i e l d  

and o p t i c a l  c o n s t a n t s  and t h e  measurement p roces s  was mad-e 

by r e c o n s t r u c t i n g  KO and A' masses 'from t h e  charged t r a c k s  

i n  Vee decays .  Using 71 2 KO and A, t h e i r  i n v a r i a n t  masses 
s 

was measured t o  be  497.832.8 and 1115.89 k.25, r e s p e c t i v e l y ,  
'A 

which a r e  c o n s i s t e n t  wi th  c u r r e n t  accepted v a l u e s  497.67k.13 

and 11 15.60+.05. F i g u r e s  V-14 and V-15 show t h e  mass 

d i s t r i b u t i o n  f o r  ICO and ana lysed .  
s 

D- Vertex Find ing  

The i n t e r a c t i o n s  o f  i n t e r e s t  occurred i n  t h e  hyd.rogen 

t a r g e t  cen t e r ed  i n  t h e  upper h a l f  o f  t h e  s t r e a m e ~  chamber 
, . 

and t h z i r  t r a c k s  d i d  no t  become v i s i b l e  u n t i l  t hey  -emerged 

i n t o  t h e  . chamber volume some cen t ime te r  f?om t h e  v e r t e x .  

Thus t h e  second s t e p  i n  even t .  r e c o n s t r u c t i o n  was 

e x t r a p o l a t i o n  of t h e  a p p r o p r i a t e  measured t r a c k s  t o  f i n d  t h e  

cooi id inates  o f  a unique p.roduct,ion v e r t e x  and t h e n  t o  

c o r r e c t  t h e  ' t r a c k  paramete rs  g iven  t h i s  a d d i t i o n a l  

c o n s t r a i n t .  The program APACHE had been debeloped e a r l i e r  

f o r  t h e  SLAC s t r eamer  chaenber t o  do  t h i s .  S e l e o t i n g  t h e  

t r a c k s  t o  e x t r a p o l a t e  w a s  a majoi. f e a t u r e ,  o f  APACHE. 
. . 

1 
Program APACHE used a chi-sqiia.ra minimizat ion mcthod t o  

o b t a i n  t h e  b e s t  common v e r t e x  p o i n t  i n  space  f o r  observed 

t r a c k s  e x t r a p o l a t e d  back  i n  t h e  magnetic f i e l d  and through 

t a r g e t  m a t e r i a l s .  The b a s i c  mathematical  method is 

summarized i n  Appendix B .  
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The main d r i v i n g  r o u t i n e  i n  APACHE w a s  GTYPE which 

through sub rou t ine  D O I T  performed t h e  fo l l owing  s t e p s  i n  

dec id ing  which t r a c k s  should  e n t e r  i n t o  t h e  vertex 

c a l c u l a t i o n  and whether o r  ' n o t  a v e r t e x  s o  f i t t e d  was 

accep tab l e ,  

1 )  A l l  n ega t ive  forward go ing  t r a c k s  were e x t r a p o l a t e d  

i n t o  t h e  p i c k e t  fence  counte r  a r r a y  t o  check i f  t h e y  passed 

through t h e  p i c k e t  fence  e lements .  Tracks which d i d ,  were 

f l agged  as cand ida t e  t r i g g e r  t r a c k s .  Note . t h a t  t h i s  was 

j u s t  a l i n e a r  e x t r a p o l a t i o n '  from t h e  end of  t h e  t r a c k  and 

r equ i r ed  only  t h a t  i t  h i t  t h e  V 1  a r r a y  somewhepe. 

2 )  To preven t  primary beam h a l o  t r a c k s ,  which, might 

have been measured, from be ing  cons ide red ,  a l l  p o s i t i v e  

p a r t i c l e s  wi th  momentum g r e a t e r  t han  10 G ~ V / C  were omi t ted .  

P o s i t i v e  p a r t i c l e s  above t h i s  momentum could no t  a r i s e  i n  16 

Gev/c K + P  i n t e r a c t i o n s  g i v i n g  a l e g i t i m a t e  K- t r i g g e r  o f  

momentum g r e a t e r  t han  3 G ~ V / C .  

3 )  A v e r t e x  t r a c k  bank was s e t  up s t a r t i n g  w i th  t r a c k s  

1 ( t r i g g e r ) ,  2  and 3. When. any 0.f t h e s e  t r a c k s  had been 

excluded i n  preceding s t e p s  t h e  nex t  t r a c k  i n  o rde r  w a s  

used. . I n  subsequent s t e p s  a d d i t i o n a l  t r a c k s  were appended 

one a t  a t ime.  
. . 

4 )  A v e r t e x  w a s  r e c o n s t r u c t e d  as desc r ibed  i n  Appendix 
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5 )  Given t h e  x: f o r  t h e  v e r t e x  of  n  t r a c k s ,  and g iven  

( 2 , k=1 , n) , where #,& i s  def ined  as ,  
T K . TK 

APACHE had t o  accep t  o r  r e j e c t  t h e  v e r t e x .  Th i s  was done'  on 

t h e  b a s i s  of t h e  v e r t e x  xL and o f  t h e  c a l c u l a t e d  f o r  
v TK 

t h e  l a s t  t r a c k  a d d e d  t o  :%he v e r t e x .  Note t h a t  t h e  e r r o r s  
'L 

e n t e r i n g  i n t o  t h e  X. de te . rmina t i0 .n~  were c a l c u l a t e d  i n  
v 

TVGP assuming a f i x e d  f i l m - s e t t i n g  e r r o r  , o f  4 l e a s t '  c o u n t s ,  

t h u s  t h e  a c t u a l  e r r o r s  r e s u l t i n g  from t h e  d i s p e r s i o n  of  t h e  

measurements were n o t  p r e s e n t  i n  t h e  TVGP e r r o r  m a t r i c e s .  
a '  

T O  c o r r e c t  f o r .  t h i s  o v e r - s i m p l i f i c a t i o n  i n  T V G P ,  t h e  X,,s 
were m u l t i p l i e d  by a parameter  l t ~ s c - & l e l t  t o  r e f l e c t  t h e  

a c t u a l  measurement u n c e r t a i n t y  o f  t h e  e v e n t ,  where,. 

1Fl 
Here PRMS i s  t h e  " F i t  Root Mean Square" o f  each of t h e  n  

t r a c k s  as r e c o n s t r u c t e d  by TVGP. 

2 

A d e t a i l e d  s tudy  of t h e  X y  dependence on FRMS i s  g iven  

i n .  ~ ~ p e n d i x  C .  I n  consequence t h e  fo l l owing  c r i t e r i a  wepe 

imposed on' an  n- t rack v e r t e x  f o r  i t  t o  b e  accep tab l e :  

a )  Given 2n-3 as t h e  number o f  deg rees  o f '  freedom 

( N D F )  , t h e n  xt /NDF should  be l e s s  t han  3. T h i s  l i m i t ,  f o r  
v 

f i v e  degrees  o f  freedom ( 4  t r a c k s ) ,  cor responds  t o  a 

conf idence  l e v e l  o f  1 percent . .  
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b )  % f o r ' t h e  l a s t  t r a c k  added t o  t h e  v e r t e x  s h o u l d  

Tk 

b e  l e s s  t h a n  5 .  

6 )  Each t i m e  a v e r t e x  was a c c e p t e d ,  a n o t h e r  t r a c k  was 

added t 'o  it a n d ,  t h e  p r o c e s s  was r e p e a t e d  u n t i l  a l l  t r a c k s  

had been  t r i e d  and a f i n a l  a c c e p t a b l e  v e r t e x  w a s  formed f o r  

them. 'When a d d i n g  a t r a c k  y i e l d e d  a n  u n a c c e p t a b l e  . v e r t e x ,  

t h e  p r e c e e d i n g  a c c e p t a b l e  c o m b i n a t i o n  was n o t e d  and a new 

sequence  s t a r t e d .  

7 )  When a f i n a l  v e r t e x  of 3 o r  more t r a c k s  w a s  f o u n d ,  

APACHE g e n e r a t e d  a d a t a  r e c o r d  similar t o  t h a t  f rom TVGP b u t  

w i t h  t h e  v e r t e x  p o i n t  i n c l u d e d  f o r  e a c h  o f  t h e  t r a c k s  coming 

from i t  and w i t h  t r a c k  momenta and  d i r e c t i o n s  r e c a l c u l a t e d  

t o  g i v e  t h e i r  e x t r a p o l a t e d  v a l u e s  a t  t h a t '  p o i n t  ( ~ , ~ ~ e n d i x  

D ) .  T h i s  p r o c e s s  was r e p e a t e d  f o r  a l i  o t h e r  p o s s i b l e '  

c o m b i n a t i o n s  o f  t r a c k s  (1-03) which  i n c l u d e d  a t r igger  

c a n d i d a t e .  An e v e n t  record.  .was g e n e r a t e d  f o r  e a c h  s u c h  

s u c c e s s f u l  c o m b i n a t i o n .  

 rack p a r a m e t e r s  f o r  v e k s  (KO/I\' ) were  o b t a i n e d  by  

a t t e m p t i n g  a 1-  c o n s t r a i n t  k i n e m a t i c a l  f i t  t o  t h e  Vees g i v e n  

t h e  r e c o n s t r u c t e d  cha rged  t r a c k s  f rom t h e m '  ( s e e ,  S e c t i o n  ' 

A l l  e v e n t s  s u c c e s s f u l l y  r e c o n s t r u c t e d  by . TVGP were  

p r o c e s s e d  t h r o u g h  APACHE, and t h e  d a t a  o u t p u t  f rom APACHE . . 

were t h e n  merged w i t h  c o r r e s p o n d i n g  c o u n t e r  i n f o r m a t i o n  t o  

g e n e r a t e  . a f i n a l  d a t a  summary t a p e .  . Thj:s was used f o r  

f u r t h e r  a n a l y s i s  o f  t h e  e v e n t s .  
. . . . 



C- Charged Kaon Identification 

1-  K- Identification 

In order to reduce the pion contamination of the 

triggering particles, the following conditions were required 

for a negative particle to b e  accepted as a K- : 

a) The track had to be negative and forward with 

measured'momentum greater than 3 G ~ v / c .  

b) When extrapolated through the streamer chamber 

magnetic field, the track was required to pass through those 

elements of the picket fence whose latch bits were recorded 

as' having contributed to the event trigger.. A discrepancy 

of + 1 counter for V1, V2, V3, V4 was allowed. 

c) The pulse height from the Cerenkov counter cell or 

cells hit by the extrapolated track was required to be the 

e s - t a b l i s i l e d  y e d e s  t a P  value. The value . of pedestal 

for each ADC channel corresponding to a Cerenkov -cell varied 

slig,htly during the data taking period, therefore it was 

established separately for every 1500 frames of the data by 

making use of the pulse height distribution and averaging 

over yedeu La1 vulueo. 

The pion threshold of the Cerenkov counter was 2.7 

G~V / C  and a 98.1 percent. rejection efficiency for pions of 

momentum 3 G ~ V / C  was estimated. 



The momentum d i s t r i b u t i o n  f o r  t r i g g e r  p a r t i c l e s  

s e l e c t e d  by t h e  above c r i t e r i a  i s  g i v e n  i n  F i g .  V-2. 

I n  o r d e r  t o  i d e n t i f y  t h e  K+ among t h e  p o s i t i v e  

p a r t i c l e s  which e n t e r e d  t h e  K+ Cerenkov c 'ounter  ' t h e  

f o l l o w i n g  c r i t e r i a  were a p p l i e d :  

a )  The t r a c k . w a s  r e q u i r e d  t o  b e  t h a t  o f  a forward  g o i n g  

p o s i t i v e  p a r t i c l e  o f  momentum g r e a t e r '  t h a n  3 G ~ V / C  

b )  The p u l s e  h e i g h t s  o v e r  p e d e s t a l  from t h e  c e l l s  h i t  

by t h e  Cerenkov r a d i a t i o n  cone  o f  t h e  t r a c k  were r e q u i r e d  t o  

v a n i s h .  

, A  t e s t  of t h e  p rocedure  w a s  p o s s i b l e  by u t i l i z i n g  t h e  
+ L*' p r o d u c t i o n .  I n  a h i s t o g r a m  o f  masses  o f  (K- TC ) pairs  f o e  

which t h e  rrc h a s  'produced Cerenkov r a d i a t i o n  i n  t h e  "K+" , 

c o u n t e r ,  a s t r o n g  z*' s i g n a l  w a s  s e e n  w i t h  a small background . 

For  comparison,  F i g .  V-3b shows a hist .ogram o f  i n v a r i a n t  

masses  of (K-K+) p a i r s  f o r  which t h e  K+ was i d e n t i f i e d  by 

t h e  above c r i t e r i a  b u t  w a s  a s s i g n e d  a p i o n  mass f o r  t h e  

i n v a r . i a n t  mass c a l c u l a t i o n 1 .  No c l e a r  z*' s i g n a l  i s  e v i d e n t  

i n  t h e  p l o t .  However, by assuming a smooth f a l l  o f f  f o r  

background,  an e x c e s s  o f  abou t  60 e v e n t s  c a n  b e  d e t e c t e d  

around t h e  F*'mass ( 8 0 0 < m ( ~ d ) < 9 6 0  M ~ V )  which c o n f i r m s  t h e  

p o s s i b l e  ~ * O p r o d u c t i o n  due t o  p i o n  con ta in ina t ion  i n  p o s i t i v e  
9 

t r a c k o .  C o n s i d e r i n g  t h e  r a t i o  o f  p i o n  t o  kaon p r o d u c t i o n  

(6.f/QK+ = 4 6 )  and t h e  measured p i o n  ? e j e c t i o n  e f f i c i e n c y  of  
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t h e  Cerenkov d e t e c t o r  ( ~ c k =  99.71 7  p e r c e n t ) ,  t h e  

con tamina t ion  of  z,s i n  t h e  i d e n t i f i e d  K+ sample can be 

e s t ima ted  from, 

where Nk+=N,+ /46+NK+ ( 1  - .99717) ,  g i v i n g  11.5 p e r c e n t  

cor responding  t o  85  K+,s f o r  t h e  sample o f  e v e n t s ' p l o t t e d  i n  

Fig. Y-3b. T h n s  the possiblo K* produot ion obocrved i n  the 

spectrum o f  F i g .  V-3b i s  c o n s i s t e n t  wi th  t h e  expected 

con tamina t ion  of $,s i n  t h e  sample o f  p o s i t i v e  t r a c k s  

i d e n t i f i e d  as K+. . 

D- Event S e l e c t i o n  i n  t h e  s t r eamer  Chamber 

Given t h e  hydrogen t a r g e t  l o c a t i o n  and 8 i z e  and t h e  

t o t a l  charge .(+2) o f  t h e  i n c i d e n t  p a r t i c l e  and s t r u c k  

p r o t o n ,  t h e  v e r t e x  of  a (TF) even t  ought t o  l i e  w i t h i n  t h e  

t a r g e t .  boundary and t h e  r e a c t i o n  p roduc t s  should have a 

t o t a l  c h a ~ g e  (+2 ) .  However slow p r o t o n s .  may have no t  

emerged from t h e  . t a r g e t  , o r  t h e y  and similar low momentum 

t r a c k s  may have been excluded from event  by t h e  APACHE 

algo:i~i.thln. Also a s s o c i a t e d  ' fast t r a c k s  mEy have been 

obscured by t h e  beam t r a c k s  'and t h u s  missed.  The re fo re ,  ' t h e  

t o t a i  charge s een  i n . 6 3  p e r c e n t  o f  t h e  f i n a l  e v e n t s  was n o t  

+2. Subsequent CUI;Y a l s o  had t o  'tie made t o  exclude . .  e v e n t s  

o u t s i d e  t h e  hydrogen t a r g e t  and a l s o  t o  supp re s s  fake APACHE 

s o l u t i o n s .  Acceptable e v e n t s  had t o  . meet t h e  fo l l owing  

c r i t e r i a ,  a p p l i e d  t o  each s e t  o f  APACHE v e r t i c e s  f o r  a 



measured event': 

1 ) The c o o r d i n a t e s  of t h e  p roduc t ion  v e r t e x  of  t h e  

ev.ent as f i t t e d  by APACHE had t o  s a t i s f y  t h e  fo l lowing  

c o n d i t i o n s ,  

i n  t h e  coord ina te  system shown , i n ,  F ig .  V-4. The f u l l  

hydrogen volume extended ( -65 cm <y<-5 cm ) and had a 

r a d i u s  1.58 cm. 

2 )  The even t  must have had a f a s t  forward n e g a t i v e  

t r a c k  f lagged as a t r i g g e r  t r a c k  by t h e  c r i t e r i a  o f  s e c t i o n  

(v-c) . 

3)  The t r a c k s  a s s o c i a t e d  wi th  t h e  v e r t e x  o f .  t h e  even t  

had t o  s a t i s f y  t h e  fo l lowing  c o n d i t i o n s  on charge ba l ance :  

0 < Net charge  of t h e  even t  < 4.  

This  c o n d i t i o n  allowed f o r  as many as 2  mi s s ing  n e g a t i v e  o r  

p o s i t i v e  t r a c k s .  S ince  APACHE would no t  n e c e s s a r i l y  

a s s o c i a t e  a poor ly  measured t r a c k  w i th  i ts  a c t u a l  v e r t e x ,  

t h i s  c r i t e r i o n  increased  t h e  e f f e c t i v e  APACHE e f f i c i e n c y  f o r  

even t  d e t e c t i o n .  



A f t e r t h e s e  c u t s  (v.D.I-3) were app l i ed  t h e  s u r v i v i n g  
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e v e n t s  were d iv ided  i n t o  two c a t e g o r i e s :  

a) Events  f o r  which on ly  a s i n g l e  APACHE s o l u t i o n  

remained i n  t h e  d a t a  sampl-e. The v e r t e x  of  t h i s  s o l u t i o n  

and i t s  a s s o c i a t e d  t r a c k s  t h u s  de f ined  t h e  even t  f o r  f u r t h e r  

a n a l y s i s .  

b )  Events  w i t h  m u l t i p l e  APACHE s o l u t i o n s  s h a r i n g  one 

t r a c k  as t h e  t r i g g e ~  . p a r t i c l e .  For t h e s e  t h e  remaining 

problem wac t o  ~ e l e o t ,  i f  poooib lo ,  t h c  a c t u a l  o o l u t i o n  t o  

which t h e  i d e n t i f i e d  t r i g g e r  t r a c k  belonged.  The follo.wing 

paramete rs  were used t o  r e s o l v e  t h e  ambigu i t i e s  i n  t h e s e  

e v e n t s  : 

i)  The APACHE chi-square  per  t r a c k ,  ( , 3~' /no of  
v PT 

t r a c k s ) .   h his r e f l e c t s  t h e  o v e r a l l  goodness, o f  f i t '  t o  a 

s i n g l e  ve r t ex ) .  

a 

i i )  The t r i g g e r  t r a c k  X t g   h he co r l t r i bu t ion  of  t h e  

t r i g g e r  t r a c k  t o  t h e  above, r e f l e c t i n g  t h e  f i t  o f  t h i s  t r a c k  

t o  a p a r t i c u l a r  v e ~ t e x ) ,  

i i i)  The t o t a l  charge  o f  . t h e  f i n a l  even t  ( i n s o f a r  as 

a11 r e l e v a n t  t r a c k s  have bean .measured t h e  b e t t e r  f i t  might 

be  expe'cted t o .  have n e t  charge  c l o s e r  t o  2) ' .  

Given t h e m  parameters ,  t h e  fo l l owing  t e s t s  were, made 

on each  group o f  APACHE s o l u t i o n s  formed from a s i n g l e  

measured even t  ( u s i n g  t h e .  program APCUTS) .  
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4 )  If t h e  X p t  f o r  one s o l u t i o n  was g r e a t e r  t h a n  2 
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a. 

* X p t  o f  a l i  o t h e r  s o l u t i o n s ,  t h e n  t h a t  s o l u t i o n  w a s  

exc luded .  

a x 

5 )  If X t g p  ( tg/{total.) was g r e a t e r  t h a n  - 5 ,  and 
L 

was a l s o  g r e a t e r  t h a n  xtgp o f  a l l  t h e  o t h e r  s o l u t i o n s ,  t h e n  

t h a t  s o l u t i ' o n  was exc luded  from t h e  d a t a .  

6 )  Among t h e  r emain ing  APACHE s o l u t i o n s  f o r  t h e  e v e n t ,  

t h o s e  were s e l e c t e d  whose t r a c k  had a n e t  c h a r g e  d i f f e r i n g  

l e a s t ' f r o m  t h e  t o t a l  c h a r g e  o f  t h e  i n c i d e n t  p a r t i c l e s ,  (+2 ) .  

7 )  A weight  d e f i n e d  as 

A P W T = ~ /  (number o f  u n r e s o l v e d  APACHE s o l u t i o n s )  

was a s s i g n e d  t o  e a c h  o f  t h e s e  s o l u t i o n s  r emain ing  a f t e r  a l l .  

t h e  above c u t s  were made. 

I t  is t o  be  noted  t h a t  t h e  c u t s  4 )  t h rough  6 )  above'. do 

n o t  reduce  t h e  t o t a l  number o f  t r i g g e r e d  e v e n t s  i n  t h e  d a t a ,  

b u t  s e r v e  t o  d e f i n e  more p r e c i s e l y  t h e  compos i t ion  of  t h e  
.a. 

e v e n t s .  D i s t r i b u t i o n s  o f  APACHE % f o r  t h e  whole d a t a  s e t  

b e f o r e  and a f t e r  c u t s  a r e  shown on f i g u r e s  V-5a, . b  ( ~ o t e  

t h a t  i n  F i g .  V-5a each  p o i n t  r e p r e s e n t s  a s o l u t i o n  ) .  
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E- . I d e n t i f i c a t i o n  of  Neu t r a l  S t r ange  P a r t i c l e s  

The TVGP even t  r e c o n s t r u c t i o n  provided a l l  t r a c k  

paramete rs  f o r  t h e  charged p a r t i c l e s ' f r o m  VO-decays. The. 

measurement procedure  r equ i r ed  t h a t  t h e  beginning p o i n t  o f  

t h e  n e g a t i v e  t r a c k  i n  a Vee be  t h e  c l o s e s t  p o i n t  i n  space  t o  

t h e  decay v e r t e x .  However, f o r  a l a r g e  number of.VO decays ,  

t h e  v e ~ t e x  w a s  n o t  c l e a r l y  v i s i b l e  i n  a l l  t h r e e  views and 

consequent ly  on ly  ,a poor measurement o f  t h e  decay v e r t e x  was 

p o s s i b l e .  To overcome t h i s  problem APACHE was used t o  

r e c o n s t r u c t  t h e  decay v e r t e x  by e x t r a p o l a t i o n  of  t h e  two 

ou tgo ing  t r a c k s  back t o  a p o i n t  i n  space .  

~ f t e r  t h e  decay v e r t e x  had been de te rmined , '  t h e  VO 

e v e n t s  were processed by a k i n e m a t i c a l  f i t t i n g  program 

(SQUAW) , where 1 - c o n s t r a i n t  f i t s  were a t tempted t o  t h e  

hypotheses ,  

i i )  A' P , n- 
i i i)  \/ +P -4 e+ +e- +P$. 

The s i n g l e  c o n s t r a i n t  was . t h e  assumed mass o f .  t h e  

decay ing .  n e u t r a l  p a r t i c l e . .  

If bo th  K O s  and A' hypotheses  were unsucces s fu l ,  t h a t  

even t  was d e l e t e d  from t h e  VO sample. Events  wi th  

s u c c e s s f u l  f i t s  t o  KO and A' were f u r t h e r  processed through 

APACHE f o ~  r e c o n s t r u c t i o n  of t h e  primary v e r t e x  and then  
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through SQUAW f o r  3 - c o n s t r a i n t  f i t s  ( n e u t r a l  p a r t i c l e  mass 

and d i r e c t i o n ) ,  u s i n g  a pr imary ,  v e r t e x  determined from o t h e r  

charged t r a c k s  by APACHE and t h e  VO , ve r t ex .  A t  t h e  

conc lus ion  of t h i s  p rocess  a s e t  of  K O s  and A0 e v e n t s  was 

obta ined whic'h had s u c c e s s f u l  3-c f i t s  to. a produc t ion  

ve r t ex .  A f t e r  a p p l i c a t i o n  of t h e  c u t s  dkscr ibed . i n  S e c t i o n  

V-D, a t o t a l  887 were l e f t .  Ambiguit ies among t h e s e  e v e n t s  

a r e  summarized i n  Table V-1 . 

1 -  S e l e c t i o n  of K O ,  A' and Y Events  

Table V-1 shows t h a t  71 pe rcen t  of t h e  V O ' s  were 

un ique ly  determined t o  b e  K O ,  I\', o r  Y :  by 3 and 

1 -cons t r a in t  f i t s .  The remaining 29 pe rcen t  were ambiguous. 

0 

To o b t a i n  a c l e a n  ?ample of A $ a n d  K O s 4 s  t h e  Y's had 

t o  b e  removed from t h e  VO sample. F igure  V-6 shows t h e  

d i s t r i b u t i o n  of t h e  depth  c o o r d i n a t e  Zv f o r  t h e  v e r t i c e s  o f  

a l l  f i t t e d  Vees ( Z  i s  measured p a r a l l e l  t o  t h e  e l e c t r i c  

f i e l d  i n  t h e  s t reamer  chamber).  There is an obvious peak at  

t h e  l o c a t i o n  of t h e  s t reamer  chamber e l e c t r o d e  c o n s i s t i n g  u f  

a s e t  of f i n e  w i r e s .  Th i s  is expected because of  t h e  very  

small p r o b a b i l i t y  of p a i r  c r e a t i o n  ( ~ P S  ,e-e+Ps) i n  

neon-hellurn gas .  Photon convers ion  is' expected on ly  i n  t h e  

dense m a t e r i a l  i n  t h e  chamber, i . e ,  t h e  e l e c t r o d e  w i r e s  and 

t h e  t a r g e t .  
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F i g u i e  V-7 shows t h e  PI d i s t r i b u t i o n  f o r  a l l  V0,s.  
.- 

Here,  P is t h e  t r a n s v e r s e  momentum o f  t h e  nega t ive  p a r t i c l e  
I 

o f  a VO decay r e l a t i v e  t o  t h e  d i r e c t i o n  o f  f l i g h t  o f  t h e  VO,. 

The t r a n s v e r s e  momentum h a s  d e f i n i t e  maximum v a l u e s  of  0  
L 

105,  and 206 M ~ V / C  f o r  Y, /If, and K O s  , decays 

F ig .  V-7 shows peaks a t  0 .  , 100 'and 200 M ~ V / C  which 

correspond t o  Y, h. and KO's  decay r e s p e c t i v e l y .  I n  o rde r  

t o  remove  t h e  \d,s from our ambiguous sample,  any VO which 

had a ' succes s fu l .  f i t  t o  \6' and s a t i s f i e d  any o f  t h e  

f o l l o w i n g  c o n d i t i o n s  w a s  c a l l e d  a k : 

a)  7 w a s  l e s s  t h a n  20 M ~ V / C  

b )  The decay v e r t e x  was i n  t h e  s t reamer  chamber ' H . V .  

e l e c t r o d e ,  i . e ,  

c )  The decay v e r t e x  w a s  on o r  w i t h i n  t h e  t a r g e t ,  i . e ,  

F igure  V-8a,b show t h e  Z d i s t r i b u t i o n s  f o r  , V O  e v e n t s  

a f t e r  Lhwae cr.lLet.-iu. were imposed a n d  the YL"$P;ultiilg gammas 

were removed. One observes  t h a t  t h e  peak at-  t h e  H . V .  

e l e c t r o d e  h a s  been e l imina t ed .  



OJ 89 The remaining problem was t o  s e p a r a t e  t h e  A s a n d .  5% 
i n  t h e  ambiguous VO sample. The t r a n s v e r s e  momentum 

d i s t r i b u t i o n  f;l f o r  uniquely  f i t t e d  A decays shows a peak 

a t  100 M ~ V / C .  Thus a s imple  method based on 2 can be used 

t o  s e l e c t  A' from (A'/KOS) mix ture ,  as fo l lows:  

VO'S wi th  5 < 1 1 0  M ~ V / C  a r e  t r e a t e d  as i f  t hey  were 

no and,  t hose  wi th  FA), 110 M ~ V / C ,  as i f  t hey  were y ,  

2- Tes t  o f  t h e  Consistency of  t h e  Method 

A t e s t  o f  t h e  cons i s t ency  o f  t h e  method.  may be  

performed as fo l lows:  

a) assuming t h a t  KOS'S d e c a y  i s o t r o p i c l y  i n  t h e i r  r e s t  

f rame,  one can c a l c u l a t e  t h e  expected number o f  K O s '  8 with  

Def in ing  f as, 

f =  Number o f  KOS'S f o r  P*> > 101 Mevic, ' t h e n  

f o r  P*=210 ( ~ e v / c ) ( K O s ) ,  



and 

From F' igure V-I Oa, 

g i v i n g  

- 
Therefore  t h e  number o f  K O s J  s expected f o r  t h e  r eg ion  PL < \ 

Fig  V-lob shows t h e  5 d i s t r i b u t i o n  f o r  K O J s  a f t e r  f i n a l  

c u t s .  From t h i s  p l o t  t h e  number of  KO i n  t h e  r eg ion  (I', 
<110) is 61,  c o n s i s t e n t  w i t h  t h e  expected number of K O ' s  

s 
determined above us ing  a n  i s o t r o p i c  decay angu la r  

d i s t r i b u t i o n  f o r  KO i n  r e s t  frame. 

'b) L i f e  t ime '  o f  A' and KUY: 

The proper  l i f e  t imes  f o r  V O ' s  were c a l c u l a t e d  u s ing  t h e  

primary v e r t e x ,  t h e  decay v e r t e x  a n d . t h e  momentum of t h e  VO.  

D i s t r i b u t i o n s ,  of l i f e - t i m e  . i n  l e n g t h  u n i t  C T f o r  K O 8  and  A'. 

a r e  g iven  i n  f i g u r e s  V-12 'and V-13  r e s p e c t i v e l y .  
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Exponent ia l  f i t s  t o  t h e s e  d i s t r i b u t i o n s  g i v e  t h e  

fo l l owing  va lues :  

CT=.2.78+_.11 cm f o r  K O s  

CT =6.8*.72 c m ' f o r  

These va lues  f o r  t h e  mean l i f e t i m e s  of t h e  K O s  and 
2 

a r e  i n  agreement wi th  o t h e r  measured va lues .  

CTKOS = 2 . ~ 7 5 ~  - 0 0 6 ~  and CTA' =7.89;t -06 
'. , 

The 5-10 percen t  e r r o r  i n  our measured va lues  can be  

a t t r i b u t e d  t o  t h e  decay of V O ' s  (KOS/A' ) i n  t h e  t a r g e t  and 

t o  t h e  low s t a t i s t i c s .  To c o r r e c t  f o r  t a r g e t  l o s s ,  each VO 

i s  weighted by t h e  i nve r se  of d e t e c t i o n  p r o b a b i l i t y  of  t h e  

event  i n  which it occurred,  t h a t  i s ,  t h e  p r o b a b i l i t y  t h a t  

t h e  VO would decay i n s i d e  t h e  s e n s i t i v e  and v i s i b l e  reg ion  

of t h e  s t reamer  chamber. 

c- Mass of K O s  and 

F i g u r e s  V-14 and V-15 show i n v a r i a n t  mass d i s t r i b u t i o n s  

f o r  t h e  resolved K O s  and Re. The mean v a l u e s  were 

m A* =(1116.49 5 . 3 )  MeV 

mKOs= (497.69 f . 8 )  MeV 

t o  be compared w i t h  v a l u e s  from t h e  p a r t i c l e  d a t a  handbook, 
e I 

(497.672.3) and ( f  1115.60 t . 0 5 )  f o r  K O s  and I\ r e s p e c t i v e l y .  
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An a l t e r n a t i v e  method t o  c a l c u l a t e  t h e s e  masses used a 

a .  
X minimiza t ion .  The Chi-Square .was de f ined  as ,  

where mi 'and were t h e  measured VO mass and i t s  
a 

u n c e r t a i n t y  r e s p e c t i v e l y .  Minimizing t h e  'X gave 3mVO as 

t h e  mass o f  t h e  VO. Prom t h i s  method w a s  ob t a ined ,  
h 

. . n 
t h e n ,  c; ' / <  

i:( 

mKO = 497.83k.8 MeV 

m A =  1115.89 _ + 2 5  MeV 

3 -  Losses  and Cor rec t i on  F a c t o r s  

a)  Losses  from VO decays i n  t h e  t a r g e t  o r  o u t s i d e  ' the 

s t r eamer  chamber 

Any,V decay nea r  t h e  walls o f  t h e  s t reamer  chamber w a s  

excluded by d e f i n i n g  t h e  scanning  f i d u c i a l  volume o f  t h e  

s t r eamer  chambey t o  be: 

-20 cm < Z < +20 cm 

i n  t h e  c o o r d i n a t e  system de f ined  i n  Figure  V-4. The 

p r o b a b i l i t y  f o r  l i ' . . d e t e c t i a n ' ~ f  a A' o r  KOs . is def ined as t h e  



p r o b a b i l i t y  t h a t  a ~ O s / k  wi th  t h e  g iven  d i r e c t i o n  and 
9 3  

momentum would be  d e t e c t e d  had t h e  even t  occur red  anywhere i n  

t h e  t a r g e t .  Note t h a t  scanning r u l e s  r equ i r ed  t h a t  a Vee be  

recorded ,  whether o r  no t  a v e r t e x  w a s  s een .  To e s t i m a t e  t h e  

l o s s e s ,  p roduc t ion  v e r t i c e s  and az imutha l  a n g l e s  o f  t h e  VO 

were genera ted  randomly and f o r  each g iven  squared 
t 

t r a n s v e r s e  momentum P t  and t h e  Feynman v a r i a b l e  Xf def ined  

as (PI/& ) ,  t h e  d i r e c t i o n  of  f l i g h t  o f  VO p a r t i c l e  and i t s  

l a b o r a t o r y  mean f l i g h t  d i s t a n c e ,  LO, were determined.  The 

d e t e c t i o n  p r o b a b l i t y  .for a VO w i t h .  a g iven  product.ion 
L 

v e r t e x ,  X f ,  Pt and azimuthal  a n g l e  i s  

where Lmin is t h e  d i s t a n c e  t r a v e l l e d  by VO . in  t h e  t a r g e t  and 

Lpot i s  t h e  p o t e n t i a l  pa th  a long  t h e  VO d i r e c t i o n  from t h e  

p roduc t ion  v e r t e x  t o  t h e  edge o f  . t h e  s t reame? chamber 

f i d u c i a l  vo.lume. The average of  Et  over  azimuth and X ,  Y 

and Z o f  t h e  p roduc t ion  v e r t e x  w a s  t aken  as t h e  d e t e c t i o n  
2. 

p r o b a b i l i t y  f o r  a VO wi th  a g iven  Pt and X f .  F i n a l l y  each 

KOS//\' i n  t h e  d a t a  was weighted by t h e  i n v e r s e  o f  t he  
2. 

d e t e c t i o n  p r o b a b i l i t y  cor responding  t o  i t s  P t  and X f .  

b )  A weight  Wneut was used t o  account  f o r  t h e  n e u t r a l  
, . 

decay modes of  KOS and /i ,s  



F i n a l l y ,  eve ry  " K O s "  o r  A" " wi th  a proper  l i f e  t ime 

(CT >5 CT, ) was excluded from t h e  sample. vo 's wi th  3 c - f i t  

XL g r e a t e r  t h a n  1 6  were a l s o  removed from t h e  VO &ample 

( ~ o t e ,  %' =16 f o r  3 degrees  o f  freedom cor responds  t o  a 

conf idence  l e v e l  o f  .001) .  These c u t s  'were n o t  expected t o  

a f f e c t  s i g n i f i c a n t l y  VO'S 'produced i n  t h e  t a r g e t  even ts ,  b u t  

should  reduce s t r o n g l y  a c c i d e n t a l  co inc idences .  . 

c )  A f t e r  a p p l y i n g  t h e  . above  c o r r e c t i o n s ,  t h e r e  w a s  

s t i l l  observed a l o s s  of VO decays i n  t h e  r e g i o n  where t h e  

beam t r a c k  d e n s i t y  i s  h igh .  The l o s s  can  be  seen  i n  F ig .  

V-16 where Xbm is  de f ined  as: 

Xbm =XV- Xbeam 

where Xbeam is approximated as, Xbeam=.05Yv, from a s tudy  of  

. t h e  pr imary beam t r a c k  s p a t i a l  d i s t . r i b u t i o n .  Using t h e  

average  ,number o f  e v e n t s  i n  ne ighbour ing  b i n s  , t h e  number 

o f  VO e v e n t s  l o s t   loss), i n  t h e  beam r e g i o n  was es t ima ted  

t o  be  57 . Thus a weigh t ,  Wbeam def ined  as 

w a s  used t o  c o r r e c t  o v e r a l l  c r o s s - s e c t i o n s ,  where NO is 

t h e  t o t a l  number o f  weighted VO's. 



F- Correction Factors: 

To correct the data for the loss of events. in 'various 

procesges in collection and analysis of the data,' several 

correction factors, each corresponding to .the loss in a :  

.single process, were estimated. Table V-4  summarizes the 

losses .from these factors. The description of procedu.res 

used in their estimation were presented in appropriate 

sections describing the process. The remaining correction 

factors are estimated as follows: 

1- CELT Efficiency 

The.Average efficiency o f . t h e  picket fence counters 

performance in triggering process was defined as, 

where Ei and Fi are the efficiency of the ith channel and 

the fraction of trigger tracks passing it. The values of 

these are given in Table 111-5. 

I 

3- Correction for Beam Scattering in S3 and Target 

End-Cap : 

Scattering of the TL+, be,= particle in the 1 /4 inch 
./ . ' 

thick beam counter S3 was accounted for by a correction 

factor estimated as 



where  w=.635 cm and hI =84.94 cm a r e  t h e  t h i c k n e s s  ' o f  t h e  

s c i n t i l l a t o r  and t h e  mean i n t e r a c t i o n  l e n g t h  o f  7f' beam a t  

1'6 G ~ V / C  i n  s c i n t i l l a f o r  r e s p e c t i v e l y .  

To c o r r e c t  f o r  i n t e r a c t i o n s  of t h e  beam p a r t i c l e s  i n  

t h e  endcap o f  .02 cm ' t h i c k  mylar -0.f t h e  l i q u i d  hydrogen 

t a r g e t  c o n t a i n e r ,  a f a c t o r  . w a s  e s t ima ted  as 

Ecap= EXP (-  .02 cm/ i I  ) =  ,9997 

\ 

where hr =69.44 i s  t h e  i n t e r a c t i o n  l e n g t h  of  TL+ beam ' i n  

mylar .  

4- C o r r e c t i o n  f o r  Decay o f  T r igge r  P a r t i c l e s  ( K - )  

The d e t e o t i o n  o f  an event  fol lowed t h e  ' passage . o f  a 

forward K- th rough  bhe p i c k e t  f e n c e - c o u n t e r  and Cerenkov 

d e t p c t o r .  (~k-). Thus an even t  would n o t  be  recorded i f  t h e  

K- decayed before .  i.t h i t  a l l  f o u r  p i c k e t  f e n c e  a r r a y s .  

Given. t h e  momentum and d i r e c t ' i o n  o f  t h e  d e t e c t e d  K- 

t r i g g e r  p a r t i c l c o ,  n c o r r e c t i o n  f a c t o r  wnn eot j ,hn.ted 

fo l l ows :  

For each  d e t e c t e d  K- t r i g g e r  a factol -  w a s  de f ined  as 



Edk-= EXP (-LO/ Y ctO) , 

where LO=the d i s t ance  t r a v e l l e d  by K- t r i g g e ~  t o  h i t  t h e  

a r r a y  V4, t O  i s  t h e  m e a n ' l i f e  time of  K-, c  v e l o c i t y  of 

l i g h t  and Y=E~-/mk-. Here Ek- i s  t h e  energy of t h e  

t r i g g e r  p a r t i c l e .  The average value of Edk- w a s  used i n  

f i n a l  c ross-sec t ion  c a l c u l a t i o n s   a able V-4) .  

. . 
5- Dead Time 

A f a c t o r  ~dead='.923_+.0004 was estimated., , us ing  beam 
1 .  

counts recorded by scjler , during t h e  d a t a  t ak ing  p e ~ i o d ,  t o .  

c o r r e c t  t h e  cross-sec t ions  f o r  t h e  unused' beam p a ~ t i c l e s  

( s e e  Reference 3 f o r  d e t a i l  of t h e  method). 

. . . . 

6- APACHE ~ f f  ic iency 

I n ,  order  t o  c o r r e c t -  f o r  t h e  1 .0s~ .of . .  events  i n  .the 

process of ver tex  f i n d i n g , ,  a f a c t o r  Ea was est imated:  

Ea=, The p r o b a b i l i t y  t h a t  a t r a c k  i s  included i n  an 
, .  

event formed by APACHE 

I n  order  t o  de.termine, Ea, a sub-sample of VO events  

w a s  s e l e c t e d .  S t a r t i n g  with 1744 events  as input  t o  APACHE 

from t h i s  eample of events ,  t h e  fol lowing information was 

obtained : 



N l  ( number o f  e v e n t s  w i t h  some f i n a l  ' f i t s )  = 1 547 

N2 ( Number. of even t s  w i t h  a t  l e a s t  one APACHE f i t  

which included a VO)=  1144 

N 3  ( t o t a l  number of e v e n t s  which a f t e r  f i n a l  s e l e c t i o n  

s t i l l  included a vO)= 742 

Assuming t h a t  APACHE w i l l  t r y  a l l  of  t h e  p o s s i b i l i t i e s  

f o r  v e r t e x  fo rma t ion ,  i t  can be argued t h a t  N1 is t h e  ( o r  a t  

l e a s t  is  c l o s e  t o )  t o t a l  number o f  t r u e  i n t e r a c t i o n s  w i th  a 
.. . 

VO. Then  APACHE e f f i c i e n c y  can  b e  def ined  as, 

Ea= The p r o b a b i l i t y  t h a t  a VO is  included i n  an 

i n t e r a c t i o n  v e r t e x .  

3. 
Given t h a t  . t h e  average number of T l  / b u r s t  =8, and t h a t  , 

t h e  i n t e r a c t i o n  p r o b a b i l i t y  P i = (  1 -EXP ( - ~ t /  I )  )=.059,  then 

t h e  p r o b a b l i t y  o f  occurence of n  i n t e r a c t i o n s  would b e ,  . . 

Thus, 

I 
Pin ( p r o b a b i l i t y  of on ly  one i n t e r a c t i o n ) = . 3 0 8 ,  

L 

P i n  ( p r o b a b i l i t y  of 2 . i n t e r a c t i o n s ) = . 0 6 7 ,  . . 

3 
Pin ( p r o b a b i l i t y  of  3 i n t e r a c t i o n u ) = . 0 0 8  & -01. 



1 a 3 
Pin ,  Pin  and Pin  a r e  then  normalized t o  t o t a l  p r o b a b i l i t y  o f  

occurrence of a t r i g g e r . w h i c h  is p r o p o r t i o n a l  t o ,  

I L f 
Pnor= P i n  +2Pin +3Pin= .472 

Then, f r a c t i o n s  o f  t h e  d a t a  which a r e  expected t o  

c o n t a i n  r e s p e c t i v e l y ,  s i n g l e ,  double and t r i p l e  i n t e r a c t i o n s  

ar e 

I 1 L b 3 3 
Fin=Pin ,Fin=2Pin and Fin=SPin. 

The p ~ o b a b i l i t y  ' t h a t  a VO w i l l  b e  included in'  e i t h e r  of t h e  

two or.. t h r e e  i n t e r a c t i o n  . '  v e r t e x  e v e n t s  ' i s  1 /2 and 113 

r e s p e c t i v e l y  , t h u s  t h e  t o t a l  number o f  f i n a l  i n t e r a c t  ion  

, - v e r t i c e s  c o n t a i n i n g  a . V O  would be ,  
. . 

and t h e r e f o r e .  t h e  APACHE e f f i c i . ency  i s  
. . 

. . 

. . . . 
. . 

9hb e r r o r :  i n  t h i e  number . . i s  b a s e d .  o n  t h e  s t a t i s t i c a l  
. . . .  . . . 

u n c e r t a i n t i e s -  i n  N2. a n d  N3'. 
. . 
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Pattern of Events Before.and After ~inal Cuts 

Before Apcuts and Trigger Inclusive Sample 
. . Vee Sample 

Check 

.Number of  vents $624 '1347 

Number of APACHE solutions 6512 ,1503 

Number of Events with Single 
Solutions 3290 733 

After all Cuts - 
3245 , . Number of Events 887 

Number of APACHE Solutions 33?2 919 

Number of Events with..Single 
Solutions 2327 502 



. . TABLE V-2 

Ambiquity Pat tern of  3C-FittedV0 Events 

K ~ O  . . Total 

TABLE V-3 . 

K: 

A0 

L 

Selection of I\' and KO After Final Cuts 

After . , P , Life Time; Fiducial and X Cuts 
3c 

530 
(Unique ) 

107 

58 

107 

95 
(Unique 1 

72 

58 

72 

7 
(Unique ) 

' I  

695 + 18 (KO/A /! ) 
(8W) 

274+ 18 ( K O / ~  / Y ) 
(32%) 

137+ 18 ( K O / A / Y )  
(17*4%) 



TABLE V-4 

Correct ion Factors  

Correction, Factors  Inc lus ive  V? Events 

CELT .482 .482 
a 

Dead Time .923-f.0004 .923+.0094 - 
+ s c a t t e r i n g  i n  63.  and 
Target End Cap 99 

.Scanning .72 * ,  .01 -73 3 -01 

Measuring (bbs cured Frames ) .98. +, .002 .98 ,.t, .002 

(Gut on High M u l t i p l i c i t y  
:Events  nt . 1 4  ) , ' . 877 -2 004 .923 , .+, .002 

Processing 
(PDP-8, PDP-1, PANEL, TVGP) 

APACHE .80.  3 .03 .80 + .03 

k (Tr igger)  : Decay 

Loss f o r  Spec ia l  Measurement. 
of Events with Trigger  on 
High Number CELT Channals 
( n > 8 )  , .  ' 097 

Loss of V Decay in  Beam ---- .g61 k .006 

~ e u t r a ' l  Decay  ode of v0 



FRMS FRMS 

FIG. V-1 FRMS Distributions for Four different 
measurers, showing t y p i c a l  dependency of 
FRMS on measurers 

FRMS UPMC 



7 11 15 
Momentum (GeV/c) 

FIG. V-2 Distribution of .trigger track 
momentum for Inclusive and Vee 
events 
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Vee EVENTS 
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> Y 
S 

Central axis of the cylindrical 
. . 

target tube. 

Fig. V-4- Target Coordinate System- 

. Note:. The.cylindrica1 terget extended 

-654 Y ,(-5 cm and had a radius 



PIC. V-5 Dis tr ibut ions  of APACHE'% 2 
f o r  i n c l u s i v e  and vee events .  

I 

b - 
.. ' VEE 'EVENTS 

( 3 ~  FITTED EVENTS) 

b 

D 

a f t e r  a l l  c u t s  - 
I 
b 

D-4 . 
v I . 



.. -- 
Fig. V-6- ~istrib6tion of 5 f'or v, 'Decays 
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FIG. v-8 a )  ZT di s t r ibut ion  of K5's a f t e r  all cut s  

b )  2 di s t r ibut ion  for hOs  a f t e r  all cut s  
T . .  



Fig .  V-9- ~ i s t r i b u t i o n  o f  f o r  A' 
be'fore and a f t e r  - c u t s  
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FIG. V-15 Distribution of measured h0  invariant 
mass 9 



FIG. V-16 I l i s t r i b u t i o n  of (X =X -X 
b m  v  beam 1 

For VO d e c a y  v e r t i c e s  i n  t h e  ' 

s treamer chamber 
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CHAPTER VI- ANALYSIS OF THE 0 (1020) AND K ( 8 9 6 )  

PRODUCTION 

SUMMARY 

In this chapter, results are presented fo? the 

semi-inclusive reactions: 

and 

where X represents any additional particle. 

A-conjoint Production of @(1020) 

1-Invariant Mass Spectra 

As described in chapter 11, much of the motivation for 

this experiment was to study production of the @-meson in 

conjunction with strange particles. Invariant mass 

distributions of (K-K+)' combinations were used to search for 

the @-meson resonance. Here K- and K+ respectively are 

trigger particle and a positive track identified as a K+ 

( m e  nection V-C ) ~i'~ure VI-1 slioks the ( K-K+ ) 

invariant mass spectrum for events whi'ch contain a visible 

enhancement is seen at the @ mass (1020 M~v). These 
0 

events were separated into events containing a Ks or /( . 
8 .  



The (K-K+ ) mass s p e c t r a  f o r  bo th  s e t s  o f  e v e n t s  a r e  
121  

shown i n  f i g s .  V I - P A ,  B ,  . The peak a t  t h e  @ mass 

enhancement i s  e v i d e n t  i n  bo th  d i s t r i b u t i o n s .  To . de t e rmine  

t h e  c o n t r i b u t i o n  t o  t h i s  d i s t r i b u t i o n  q u a n t i t a t i v e l y ,  i t  

was necessary  t o  e s t i m a t e  t h e  shape ,of  t h e  background i n  

t h i s  (K-K+) mass spectrum. 

To gene ra t e  t h e  background' mass d i s t r i b u t i o n  t h e  

i n v a r i a n t  mass of a s e t  o f  pseudo-combinations w a s  

c a l c u l a t e d .  A K- t r i g g e r  p a r t i c l e  from one even t  was 

matched wi th  a K+ from another  .event ,  w i t h ' t h e  c o n d i t i o n  

t h a t  t h e  two primary v e r t i c e s  have t h e  same charged p a r t i c l e  

m u l t i p l i c i t y .  Following t h i s  method a l a r g e  number o f  

combinations were genera ted  and a smooth d i s t . r i b u t i o n  o f  

i n v a r i a n t  masses was. ob ta ined .  One p o s s i b l e  sou rce  o f  

' inaccur,acy of  t h e  method would be  t h a t  momentum and energy 

conserva t ion  were no t  obeyed p r o p e r l y  i n  g e n e r a t i n g  t h e  

even ts .  However it can be  argued t h a t  t h e  shape of  t h e  

background w i l l  no t  a l t e r  because most e v e n t s  have mi s s ing  

n e u t r a l s  anyway. The r e s u l t i n g  combina tor ia l  background i s  

shown i n  F i g ,  V I - 3 .  

Given t h i s  background, d i s t r i b u t i o n  B G ( ~ )  , t h e  combined 

mass spectrum of F ig .  V I - 1  w a s  t aken  t o  have t h e  form, 



where BG, BW, PS r e p r e s e n t  background, Breit-Wigner and 

: phase-space d i s t r i b u t i o n s ,  r e s p e c t i v e l y .  The resonant  s i g n a l  

0 w a s  de sc r ibed  by a s imple  Breit-Wigner f u n c t i o n ,  

where MO and r are,  t h e  mase of t h c  reoonanoe and i t s  

wid th  r e s p e c t i v e l y .  Note t h a t  a r e l a t i v i s t i c  Breit-Wigner 

f u c t i o n  w i t h  a mass dependent wid th  i s  n o t  a p p r o p r i a t e ,  

because  t h e  n a t u r a l  width  f o r  t h e  @ (1  020)-meson ( r=4 
M ~ V )  is  much l e s s  t h a n  t h e  exper imenta l  mass r e s o l u t i o n .  

Thus the ,ob . se rved  w i d t h . i s  mainly t h e  e f f e c t  of  u n c e r t a i n t y  

i n  measurement of t h e  i n v a r i a n t  (K-K+) mass, expressed as a 

Breit-Wigner f u n c t i o n .  

The b a c k ~ r o u n d  B G ( ~ )  and phase-space f a c t o r  P S ( ~ )  were 

assumed t o  have t h e  mass dependence of t 'he combina tor ia l  

background. The f i t  w a s  t h e n  c a r r i e d  ou t  over t h e  . range 

from 980 t o  1400 MeV, over which t h e r e  was.a s u b s t a n i a l  

number of e v e n t s  p r e s e n t .  The P a r t i c l e  ~ a t a  Group va lue  was 

used f o r  t h e  resonance mass(# =I020 MeV).. The v a r i a b l e s '  i n  Q 
t h e  f j t  were t h e  wid th  of t h e  (P (1020) mass peak and t h e  

numbers of background and resonance combinations.  The width  

o f  t h e  resonance,  which w a s  a d j u s t a b l e ,  was ,found by M I N U I T  . . , .  

t o  be 17 MeV. 
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F i t s  were a l s o  c a r r i e d  o u t  f o r  K O s  and ( . a s s o c i a t e d  

even t s  by f i x i n g  t h e  v a l u e s  o f  t h e  @ mass and width  a t  1020 

and 17 MeV r e s p e c t i v e l y .  

Table V I - 1  c o n t a i n s  t h e  numbers of @ and background 

even t s  determined from f i t t i n g  t h e  r e a c t i o n s  V I - 1 ,  VI-2. 

I n  0rde.r to '  determine t h e  p roduc t ion  c ros -s - sec t ions  f o r  

t h e s e  r e a c t i o n s ,  . t h e  d a t a  had t o  be c o r r e c t e d  f o r .  

geomet r ica l  acceptance as w e l l  as f o r  t h e  i n e f f i c i e n c i e s  i n  

t r i g g e r i n g ,  scanning ,  measurement and a n a l y s i s .  ' . 

To e s t i m a t e  t h e  geome t r i ca l  acceptance o f  t h e  system as 

a f u n c t i o n  of  . t h e  l o n g i t u d i n a l  Xf v a r i a b l e  ( Feynman 
a 

~ f = ~ l / P m a x )  and t h e  squared t r a n s v e r s e  momentum, P t ,  o f  t h e  

@-meson, t h e  fo l l owing  p.rocedure basedon  a Monte Car lo  

method was used.  

a )  Assume t h a t  t h e  d i f f e r e n t i a l  c ro s s - sec t i on  f o r  @ 

produc t ion  can be p a r a p e t r i z e d  as 

b) F ix  t h e  v a l u e  of B a t  an a r b i t r a r y  b u t  t y p i c a l  va lue  
-2 

of 3 . 5 ( ~ e ~ / c ) .  . ( ~ o t e : ~ e v e r a l  Monte Ca r lo  c a l c u l a t i o n s  f o r  

d i f f e r e n t  v a l u e s  o f  B rang ing  from 2 t o  5 showed t h a t  t h e  . ' 

geomet r ica l  accep tance  w a s  n o t  s e n s i t i v e  t o  t h e  cho ice  o f  B.) 



c )  Generate  X f  w i t h  v a l u e s  o f  0. , .1 , .2,. . . . . . , .9 124 

2 

d )  With each  ( X f  and P t )  f o r  t h e  , an i s o t r o p i c  

decay angu la r  d i s t r i b u t i o n  was assumed f o r  i t s  decay i n  t h e  

r e s t  frame. Momentum v e c t o r s  f o r  t h e  K- and K+ decay 

p r o d u c t s  were t hen  determined i n  t h e  LAB frame. 

e )  T r a j e c t o r i e s  o f  t h e  product  K- and K+ mesons were 

s imu la t ed  , u s i n g  t h e  above momentum v e c t o r s  and c o o r d i n a t e s  

o f  t h e  i n t e r a c t i o n  v e r t e x  l o c a t e d  randomly i n  t h e  t a r g e t .  

f )  By e x t r a p o l a t i n g  t h e s e  t r a j e c t o r i e s ,  i t  w a s  

determined whether t h e  K- and K+ would have. h i t  a . p i c k e t  
V 

f e n c e  channel  and Ck, r e spec t ive ly . .  The K- , and K+ were 

r e q u i r e d  t o  have  momenta o f  g r e a t e r  t han  3 G ~ V / C ,  which w a s  

t h e  momentum c u t  a p p l i e d  t o  t h e  d a t a  as well.. ' 

~ i ~ u r e s  VI-4 shows t h e  geome t r i ca l  accep tance  as a 

f u n c t i o n  of Xf , as determined by t h i s  p rocess .  

To c o r r e c t  t h e  d a t a  f o r  t h e .  geome t r i ca l  a ccep t ance ,  

e ach  (I(-K+) combinat ion w i th  . an  i n v a r i a n t  mass l e s s  t h a n  

1100 MeV and a g i v e n  l o n g i t u d i n a l  mom.entum v a r i a b l e  X f  was 

weighted 'by t h e  i n v e r s e  o f  t h e  cowegpondlng geome L r . i c a l  

acceptance f o r  t h e  same X f .  F i n a l l y ,  an  averaged c o r r e c t i o n  

f a c t o r  was determined f o r  combinations w i th  m ( f  K* ) <  1 1  00 

MeV. 
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Each e v e n t  was a l s o  w e i g h t e d  by t h e  i n v e r s e  o f  t h e  

* d e t e c t i o n  p r o b a b i l i t y  f o r  A'/KS, W ( s e e  S e c t i o n  V-E f o r  
. , 

d e t a i l  o f  t h e  method used  t o  d e t e r m i n e  W ) 

A c o m p l e t e  l i s t  o f  a l l  t h e  o t h e r  c o r r e c t i o n  f a c t o r s  
. . 

u s e d  i n  t h e  c a l c u l a t i o n  o f  t h e  c r o s s - s e c t i o n s ' i s  p r e s e n t e d  
. . 

i n  T a b l e  VI-2. 

With t h e  c o r r e c t i o n  f a c t o r s  s o  a p p l i e d  t h e  

c r o s s - s e c t i o n s  were  c a l c u l a t e d  f rom t h e  f o r m u l a  

where Nx=number , o f  e v e n t s  found i n  i n t e r a c t  i o n  
. . 

c h a n n e l  x ,  E i  a r e  e f f i c i e n c y  f a c t o r s .  and F deno . tes  t h e  t o t a l  
. . + 

i n c i d e n t  TZ f l u x  p e r  u n i t  c r o s s - s e c t i o n  (VI--7). 

9 
where  n  =number o f  i n c i d e n t  TL+ =1 .20303 % 10 

n+ 

and X I  = ( A / N ~ P  j ( 1 1 ~ t 0 t )  

A= Atomic w e i g h t =  1 .O1 

23 
N a =  ~ v o ~ a d r o  's number =6.023 X 10 
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@ t o t = '  T o t a l  n;+p c ros s - sec t i on  a t  16 ~ e ~ / ~ = 2 4 . 0 5  mb 

L i  Ta rge t  f i d u c i a l  l e n g t h  =60 c r  

The i n t e r a c t i o n  l e n g t h  i s ,  t h e r e f o r e ,  

and 

F i n a l  r e s u l t s  f o r  t h e  c r o s s - s e c t i o n s  a r e  g iven  i n  Table  

V I - 3 .  

B - Search  f o r  I n c l u s i v e  Produc t ion  o f  The 4-meson 

. .  . 

~i~~ VI-5 shows t h e  d i s t r i b u t i o n  o f  i n v a r i a n t  mass o f  

(K-K+) combinat ions  from t h e  i n c l u s i v e  data sample ( s e e  

Chapter v ) .    ere K- i s  t h e  t r i g g e r  t r a c k  and K + a  p o s i t i v e  

p a r t i c l e  i d e n t i f i e d  as K+.bg t h e  pfiocedurss o f  c h a p t e r  V .  

No c l e a r  s i g n a l  i s  apparen t .  ' An e s t i m a t e  o f  t h e  upper 

l i m i t  f o r  t h e  p o s s i b l e  @( I  020) c o n t r i b u t i o n  was made, by 

normal iz ing  t h e  combina to r i a l  background spectrum desc r ibed  

i n  t h e  p rev ious  s e c t i o n  t o  t h e  inc lus iv ' e  d i s t r i b u t i o n .  The 

no rma l i za t i on  w a s  c a r r i e d  nu t  for t h e  mnas range uf  

1500<m(K-~+)<1800 MeV, and t h e n  t h e  r e s u l t i n g  f a c t o r  was 

u s e d .  t o  nopmalize t h e  background. t o  t h e  e n t i r e  mass 

spectrum. T h i s  is  p re sen t ed  i n  P ig .  VI-5. No more t h a n  a 

few even t s  can  b e  d e t e c t e d  above. t h e  background i n  t h e  mass 

.range of 980<m( (K-K+) < , .  1 I ,00 . MeV,, t h u s  t h e  resonance . , . .. . . 
. . 



c o n t r i b u t i o n  is c o n s i s t e n t  wi th  ze ro  and its u p p e r l i m i t  can 
1 2 7  

be  determined based . on s t a t i s t i c a l  e r r o r ,  i . e . ,  t o  b.e o f  

o rde r  o f  10 even t s .  An e s t i m a t i o n  o f  t h e  expected number o f  

0,s i n  t h e  i n c l u s i v e  sample,  as might be c o n t r i b u t e d  by 

con jo in t .  p roduc t ion  p roces se s ,  w i l l  be p resen ted  i n .  c h a p t e r  

The excess  of e v e n t s  observed i n  t h e  mass range of  1150 

MeV < m ( ~ - ~ + ) < 1 3 5 0  MeV can be a t t r i b u t e d  t o  Zx0 produc t ion  due 

t o  .pion contaminat ion i'n p o s i t i v e  t r a c k s '  i d e n t i f i e d  as K+ 
. . 

r e s u l t i n g  from i n e f f i c i e n c y  o f  t h e  Cerenkov d e t e c t o r  ( s e e  

S e c t i o n  V-C ) . An i n d i c a t i o n  o f  t h e  presence o f  t h e s e  
. . - ' 0  

contaminat ing p a r t i c l e s  i s  seen  i n  I?ig.' VI-7b where " 6 0  K* 

a r e  observed i n  t h e  mass d i s t r i b u t i o n  of (K-nf) p a i r s  f o r  

which t h e  p o s i t i v e  p a r t i c l e  is i d e n t i f i e d  t o  be K+ b u t  i s  

ass igned  t h e .  p ion mass. 



C-INCLUSIVE PRODUCTION OF il+°( ST) 

1 -Mass Spectrum 

Study o f  t h e  i n c l u s i v e  p roduc t ion  of  t h e  E* is based on 

t h e  i n c l u s i v e  d a t a  sample desc r ibed  i n   chapter'^^, whose 

0 ( 1  020) c o n t e n t  was d i scus sed  i n  t h e  p receed ing  s e c t i o n .  

The i n v a r i a n t ,  mass d i s t r i b u t i o n  o f  ' (K- n+) combinations 

c o n s i s t i n g  of  a t r i g g e r  p a r t i c l e  ( K - )  a n d  a p o s i t i v e  

p , a r t i c l e  assumed t o  be TL: was uoed t o  examine .F< 

produc t ion .  T h i s  .spectrum i s  shown . i n  F ig .  VI-6. The 

spectrum f o r  (K- s) combinations f o r  which p o s i t i v e  

p a r t i c l e s  .passed th rough  t h e  K+ Cerenkov counte r  and were 

i d e n t i f i e d  t o  be TL' is a l s o  g iven  i n  Fig .  VI-7a. The 

x*'(896) resonance i s  s e e n  i n  b o t h  mass s p e c t r a .  No c l e a r  
- 0 

h igh  mass resonance  (K*(1420) ) i s  p r e s e n t  i n  t h e  spectrum. 

2 - Inc lus ive  c r o s s - s e c t i o n  

Thc rcoonance praduk li011 was determi i ied by  f i t t i n g  , t h e  

mass spectrum t o ,  % 

where B G ( ~ )  , B W ( ~ )  and ~ 3 ( m )  r e p r e s e n t  backgro-ukld, resonance 

and phase-space c o n t r  i b u t  i ~ n s  respe.c t  i v e l y  . The. resonance 

s i g n a l  w a s  de sc r ibed  by r e l a t i v i s t i c  Bre'it-Wigner f u n c t i o n s  
1 

w i t h  mass dependent width:  



where 

and 

Here Mr is t h e  resonance mass, i t s  width ,  q t h e  momentum 

o f  t h e  decay produc ts  i n  t h e . r e s t  frame of t h e  resonance, .  q r  

i t s  va lue  a t  M = M r .  and L = 1 ,  t h e  r e l a t i v e  angula r  momentum. 

. . 

To desc r ibe  t h e  background,  t h e  f u n c t i o n  

w a s  used.  The cho ice  of t h i s  f u n c t i o n a l  form f o r  t h e  

background w a s  made' because  it w a s  c o n s i s t e n t  wi th  t h e  low 

mass r i s e  and wi th  t h e  o v e r a l l  'shape o f  t h e  combina tora l  
i 

background, genera ted  f o r  (K-  ) combinations.  ( It  should  - 0 

be  noted t h a t  t h e  r e sonan t  (K*) peak i s  no t  a t  t h e  peak of 

t h e  background, t h u s  an  exponen t i a l  d e c l i n e  f o r  t h e  

background would have s u f f i c e d  t o  e s t i m a t e  t h e  resonance 

c o n t r i b u t i o n  t o  t h e  spectrum. ) 
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Given t h e  background shape and assuming t h e  same mass 

dependence f o r  phase-space f a c t o r  P s ( ~ ) ,  t hen  t h e  M I N U I T  f i t  

w a s  c a r r i e d  o u t  over  a , large mass range 640<m(K-~+)<1800 

MeV. 
. . 

A Chi-square o f  2 / ~ ~ ~ s . ~  ' was obta ined .  These f i t s  a r e  

shown i n  F ig .  VI-6. 

. . 
Va1.u.e~ of t h e  reoonnnce mass a n d  width were a l s o  

d e t e ~ m i n e d  from t h e  f i t  t o  b e ,  ' .  . .. ,.. . . .  . 

.. ~E*°-896.2&5 MeV 

and 

rE*°= 100.4k12 MeV' 

The mass. an& width  o f  t h e  r e sonance .  is c o n s i s t e n t .  . w i t h  

i t s  ' e s t a h l  i shed : values .  oonoidori i lg the luirsll . r e s o l u t  io,n 

( M = 896..1 , and T = 99.5) . pe 

' ' I ' he ,c ross -sec t ions  were eva lua t ed  u s i n g  t h e  formula  

(VI-6) and t h e  number o f  R*',s ob ta ined  from t h e  f i t  . 
. . 

Table  VI-4 shows t h e  f i n a l  r e s , u l t s  and a l s o  t h e  c o r r e c t i n n  

f a c t o r s '  used i n  t h e  c r o s s - s e c t i o n  c a l c u l a t i o n .  

3 - D i f f e r e n t i a l  Cross-Sect ions  

. . 

The z** l o n g i t u d i n a l  and t r a n s v e r s e  momentub 

d i s t r i b u t i o n  were found b y  d i v i d i n g  (K- IT+) combinations 
8 

i n t o  s u i t a b l e  b i n s  i:n X f  and P t .  The (K- R') mass spectrum 
Z 

f o r  each range  of X f  and P t  w a s  t h e n  f i t , t . ed  t o  t h e  e q u a t i o n  

(VI-8) by f i x i n g  t h e  resonance mass and width t o  b e  896 
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MeV and 1 0 0  MeV, r e s p e c t i v e l y .  

a 

The r e s u l t i n g  d ~ / d P ~  and d ~ / d x ,  d i s t r i b u t i o n s  f o r  

Kg(896)  p r o d u c t i o n  are shown i n  f i g s  V I - 8  and  VI-9 

r e s p e c t i v e l y .  

4 -Geometr ica l  Acceptance  

The g e o m e t r i c a l  a c c e p t a n c e  f o r  t h e  K- t r igger  from t h e  
L 

Kf w a s  a f u n c t i o n  o f  X f  and P t ,  and a l s o  o f  t h e  decay  a n g l e s  

of t h e  z*'. The f o l l o w i n g  method was used  t o . s i m u l a t e  t h e z * '  

p r o d u c t i o n ,  and t o  d e t e r m i n e  t h i s  a c c e p t a n c e .  

. . 

a )  Assume t h a t  t h e  d i f f e r e n t i a l  c r o s s - s e c t i o n  . f o r  K*O 

a 

p r ' o d ~ c t i 6 n '  c a n  b e  p a r a m e t r i z e d  by  X f  anb  P t  as 

b )  F i x  t h e  v a l u e  o f  B a t .  3.5.  ( ~ o t e  : s e v e r a l  Monte 

C a r l o  . c a l c u l a t i o n s  showed t h a t  t h e  g e o m e t r i c a l  a c c e p t a n c e  is 
- 0 

n o t s e n s i t i v e  t o  t h e  v a l u e  o f  B f o r  t h e  K*,  as it. a l s o  was 
n o t  f o r  ' ) 

c )  Assume an  i s o t r o p i c  d e c a y  a n g u l a r  d i s t r i b u t i o n  f o r  

t h e  ? decay  i n  r e s t  f r ame .  

- 0 

K*'S were  t h e n  g e n e r a t e d  f o r  t h e  f i x e d  v a l u e s  o f  X f  i n  

t h e  r a n g e  o f  0.0 t o  0 . 9 .  The g e o m e t r i c a l  a c c e p t a n c e  w a s  

d e t e r m i n e d  b y  e x t r a p o l a t i n g  t h e  d e c a y  p r o d u c t  K- i n t o  t h e  

t r i g g e r  hodoscope.  F i g .  V I - 1 0  . shows t h e  g e o m e t r i c a l  

a o c e p t a n c e .  as a f u n c t i o n  ..of Xf. 

. . 
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The l o n g i t u d i n a l  momentum d i s t r i b u t i o n  of x*' was 

- c o r r e c t e d '  f o r  t h e  geome t r i ca l  acceptance a t  each X f  and t h e  

r e s u l t i n g  spectrum is a l s o  shown i n  F ig .  VI-9. 

To o b t a i n  t h e  dependence of  t h e  geome t r i ca l  acceptance 

upon t h e  t r a n s v e r s e  momentum o f  F*°, t h e   production w a s  

s imu la t ed  u s i n g  t h e  d i s t r i b u t i o n  of  X f  ob ta ined  above a f t e r  . . 

t h e  accep tance  c o r r e c t i o n s  were a p p l i e d .  The .accep tance  as 
a 

a f u n c t i o n  o f  Pt. i s  shown i n  Fig .  V I - 1 1 .  The . d a t a  were 

t h e n  co r r eo tod  f o r  geometrical acceptance and t h e  r e s u l t i n g  

d i s t r i b u t i o n  is  p re sen t ed  i n  s o l i d  l i n e s  i n  P ig .  V I - 8 .  

The c r o s s - s e c t i o n  calculations were performed by 
. . 

a d j u s t i n g  t h e , d a t a  f o r  t h e  c o r r e c t i o n  f a c t o r s  and t h e  

geome t r i ca l  a ccep t ances .  . F i g u r e s  'VI-12 shows t h e  

d i s t r i b u t i o n  of d 6 / d ~ .  
F . .. 
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. TABLE V I - 1  

Estimated Number of 4 in ASsociated Channels 

React ion Number of (p 
. - 



TABLE VI-2 

Correct ion Factors  Used i n  Est imation 

of Cross-Section, f o r  (g 
Production Peocesses. 

. . 
+ 

Correction Factors  0 
h + P  4 @+Ks+X n*+p -@+AX 

1- Averaged Geometrical 13.46 f 2.5 17.4 f;: 3.8 
Acceptance f o r  (P 
Production 

2- Average'd Correction 2.47 
. . f o r  oss i n  Detect ion b of V Accompaning 9 

Meson 

3- v0 ,(K:/A') N e u t r a l  Decay 1.47 .l.55 
Mode 

4- Other Decay l o d e s  o f '  9 2.08 
Meson 

95- A l l  Other Correction .j.98. * . j 2 .  -5 .98 2 .32 
Factors  f o r  Losses i n  
Experimental Processes 

1 * This Correct ion F a c t o r  E5 i s  Defined a s (  /E=vei ) ; where - . 6  1 
a r e  s u m m a r i z e d i n  Tab le  V-4. 



TABLE V I - 3  

Estimated cross-sections' for 

. Production Processes 
5. 



TABLE VI-4 : 

Numerical Values Used in Estimation of the : 

Cross-Section for Inclusive KY~roduction 

. . 

2- Number of R* 
Incident Beam 

3- d ~ l u x  

4- Correction Factors 

5- Correction for Qther 
Decay Modes of K O 

6- Inverse Sensitivity 
( rn b/event ) 

7- Averaged GeometgQal 
Acceptanue for K 
Product ion 

37.62 * 4.9 (nb / W e n t  ) 

8- Estimated Cross-Section 
Xf> 0 3  . . 115.29 . . f . 2 6 . 6 k b .  





0 

139 

Fig VI-2- C K - K + )  Inaariant, Mass Dish f o r  K* 

a n d n o  Assgciated Events 
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Fig VI-4- Dependence of @ (1020) 
Acceptance o n  Xf 



MASS (MeV) 



+ 
Fig. VI-6- (K-71 ) Mass Distribution 

INCLUSIVE RESONANCE 

MASS (MeV) 











- 0  
Fig. VI-12- ~istribution of db for K *  

d XP + Production 



CHAPTER V I I -  CONCLUSION 

A- The O Z I  Rule 

A s  desc r ibed  i n  Chapter-11, t h e  main ob ' j ec t ive  o f  t h i s  

experiment was t o  i n v e s t i g a t e  t h e  v a l i d i t y  o f  t h e  O Z I  r u l e  

and determine t h e  s t r e n g t h  o f  t h e "  r u l e  as it  a p p l i e s  t o  ' 

product ion p roces se s .  

A s ea rch  was c a r r i e d  o u t  f o r  r e a c t i o n s  o f  . t h e  t y p e ,  

where V I I - 1 -  deno tes  t h e  i n c l u s i v e  p roduc t ion  of  t h e  . and 

VII-2 and VII-3. denote t h e  c o n j o i n t  p roduc t ion .  ' . 

A s  descr ibed  i n  Chapter V I  no obvious (P s i g n a l  w a s  

s een  i n  t he .  i n c l u s i v e  reac t i .on  V I I - 1  ( ~ i ~ .  VI-5) , however, 

c l e a r  @ resonances  were observed i n  t h e  semi- inc lus ive  

r e a c t i o n s  . of VII-2 and VII-3 ( s e e  f i g s  V I - 1  , 2  and t a b l e s  

-? I n  o rder  t o  e s t i m a t e  t h e  c o n t r i b u t i o n  ' of  t h e  

semi- inclus ive  channe ls  (VII-2 and VII-3) to .  t h e  i n c l u s i v e  

p roduc t ion  of t h e  @-meson, p o s s i b l e  c o n j o i n t  p roces se s  

i nvo lv ing  an e x t r a  ' p a i F  o f  ground s t a t e  s t r a n g e  p a r t i c l e s  

may a r . b i t r a r i l y  be as~umed t o  bos se s s  e q u a l  p r o b a b i l i t y  o f  
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occur rence .  Thus, i f  a l l  h igh  mass s t r a n g e  resonances  decay - 
s t r o n g l y  i n t o  s t a b l e  k a o n s ( ~  o r  E) o r  hyperons( A o r  L ) ,  

t h e n  c o n j o i n t  p r o c e s s e s  could  be  observed i n  r e a c t i o n s  of  

t h e  form, . . 

. . 

n ' + p  - ( K+/ K O )  0 ( KOI K-) Vlf -q 

VII - 5 

Table  V I I - 1  shows t h e  expansion of t h e  r e a c t i o n s  VII-4 

and VII-5 and t h e  c o n t r i b u t i o n s  o f  t h e  v a r i o u s  subprocesses  
. . .. . 

t o  t h e  semi- inc lus ive  channe l s  o f  VII-2, 3. The assumpt ion  

p r e d i c t s  t h a t  e q u a l  number o f  K O s  and A w i l l  be  produced,  

and t h a t  t h e  t o t a l  semi- inc lus ive  r a t e  w i l l  b e ,  

The c o n t r f b u t  ion of conJul11 L p ~ - u c e s s e s  t o  t1.18 i n c l u s i v e  

$ produc t ion  can t h e n  be e s t ima ted  t o  b e ,  

N ' = @,s c o n t r i b u t e d  t o  i n c l u s i v e  c h a n n e l = ( 1 2 / 8 ) ~  
+!Pic 

Q ,,: 

where 

Here WI$/( = (1  .47/1 .55)  i s  t h e  c o r r e c t i o n  f a c t o r  f o r  n e u t r a l  

decay modes and ~ 2 $ / ~ = ( 2 . 4 7 / 1  .43) t h a t  f o r  unobserved ~ ~ C R Y S  

. . i n  t h e  t a r g e t  and o u t s i d e  t h e  styeamer chamber. 



Then, u s i n g  N =9 and N' =7 ,  f$om Table .  V I - 1  , we 
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A" @ $  
c a l c u l a t e  N =46.2 ,  t h e  number of e v e n t s  i n  t h e  e n ' t i r e  run 

dbv* 
which produced a Q-meson i n  a s s o c i a t i o n  w i th  a and ' a  

K O s .  Th is  number depends upon t h e  a n a l y s i s  o f  t h e  

exper imental  d a t a  b u t  n o t  upon t h e  assumption t h a t  t h e  

3 sub-processes i n  Table V I I - 1  a r e  e q u a l l y  probable .  F i n a l l y ,  

we i n f e r  t h a t  t h e  c o n t r i b u t i o n  o f  c o n j o i n t  proce.sses t o  t h e  
1 

observed  sample o f  i n c l u s i v e l y  produced (P, ~ ( V I I - 1  ) would 

be ,  

where t h e  f a c t o r  0 .08  r e p r e s e n t s  t h e  f r a c t i o n  of  t h e  t o t a l  

d a t a  sample used i n  t h e  p r e s e n t  a n a l y s i s  o f  i n c l u s i v e  @ 

product ion.  

The observed spectrum of  (K-K+) i n v a r i a n t  mass f o r  t h e  

i n c l u s i v e  d a t a  sample shows, no s t a t i s t i c a l y  s i g n i f i c a n t  @ 

s i g n a l  above. t h e  background.. Cons ider ing  t h e  number , o f  

even t s  i n  t h e  mass range of 1 000<m(~-K+)  < lo60  MeV, and g iven  

. t h e  mass r e s o l u t i o n  es t imated  from t h e  mass spectrum of V I - 1  

( 1  7  M ~ V )  , a t o t a l  of 72 background e v e n t s  i s  e s t ima ted  t o  be 

i n  t h e  @ mass range.  Using t h e  s t a t i s t i c a l  u n c e r t a i n t y  i n  

72 even t s  N 8 . 5 ,  an upper l i m i t  o f  2 6  =17 e v e n t s ,  

corresponding t o  a conf idence l e v e l  o f  95 . p e r c e n t ,  i s  

e s t ima ted  f o r  t h e  number o f  0 ,s produced i n c l u s i v e l y  i n  t h e  

sample. The lower l i m i t  f o r  t h e  r a t i o  ~ = 6 0 ~ 1 / 6 1 n c l u s i v e  

would t hen  be 6/17=.35 which means t h a t  a t  l e a s t  35 pe rcen t  

o f  t h e  0,s a r e  c o n t r i b u t e d  by c o n j o i n t  p rocesses .  ( ~ e e  Appendix 

D f o r  a d i s c u s s i o n  on t h e  e f f e c t  of  t h e  K +  contaminat ion on 



Thi s  r e s u l t  i s  a l s o  c o n s i s t e n t  w i th  t h e  r e c e n t  r e s u l t s  1 5 2  

r e p o r t e d  by ACCMOR c o l l a b o r a t i o n  on @ produc t ion  i n  (n / P ) P  

i n t e r a c t i o n s  a t  6 3  ,and 93 G ~ V / C ,  which have s e t  a lower 

l i m i t  of 4.0 p e r c e n t  f o r  t h e  c o n t r i b u t i o n .  o f  c o n j o i n t  

p r o c e s s e s  t o  0 produc t ion .  

The s u b s t a n t i a l  (35 p e r c e n t  from t h i s  work and 40 

p e r c e n t  ACCMOR) c o n t r i b u t i o n  of  c o n j o i n t  p roces se s  t o  @ 

produc t ion  c o n t r a d i c t s  t h o s e  t h e o r k t i c a l  models which 

p r e d i c t  t h a t ,  OX1 v i a 3 a t i . n ~  processes such as gluon f u a i o n  

and a n n i h i l a t i o n  of light quarks (  f igs  V T I - 2 9 ,  3) domlnate 

t h e  p roduc t ion  of  @-meson i n  hadron ic  i n t e r a c t i o n s .  I t  

does  however, r u l e  i n  f avo r  o f  quark f u s i o n  models which 
, . 

p r e d i c t  t h a t  t h e  , -meson is produced a s  t h e  r e s u l t  o f  

f u s i o n  of  s and 5 s t range-quarks  from t h e  i n c i d e n t  hadrons 

( ~ i g .  VII-2c).  

ll- 0 

B-K* P roduc t ion  and Quark ??usion Models 

I n c l u s i v e  p roduc t ion  o f  t h e  z2(sa) h a s  been s t u d i e d .  

The t r a n s v e r s e  momentum d i s t r i b u t i o n  was f i t t e d  t o  an 

exponen t i a l  f u n c t i o n ,  

-2 
The value sf t h e  exponen t i a l  dope ' ,  B=3.3-1 .6 ( G ~ v / c ) ,  is - 

..< 

t y p i c a l  o f  o t h e r  x*' s t a t e s  produced i n  had ran i c  
1,2 

i n t e r a c t i o n s .  Table VII-2 shows th'e v a l u e  o f  B f o r  s e v e r a l  
- 0  

K* s t a t e s  from d i f f e r e n t  exper iments .  



153 The l o n g i t u d i n a l  momentum d i s t r i b u t i o n  was s t u d i e d  i n  , 

' terms of  t h e  Feynmann v a r i a b l e  Xf ( ~ l / ~ m a x )  .- The spectrum 

cove r s  t h e  Xf range of  Xf>.4,  and d e c l i n e s .  s h a r p l y  a t  high 

~ f ( . 8 ) .  

The spectrum i s  a l s o  compared w i t h  t h e  p r e d i c t i o n s  o f  a 

quark f u s i o n  model de sc r ibed  i n  Chapter I1 ( s e e  F ig .  

VII-1 ) .  A s  can be  seen  i n  F ig .  V I I - 1 ,  t h e  model ha s  

reproduced t h e  shape of t h e  expe r imen ta l l y  observed 

d i s t r i b u t i o n . ' ,  A magnitude comparison of  t h e  spectrum w i t h  

t h e  p r e d i c t i o n  of  t h e  model a l s o  shows agreement c o n s i s t e n t  

wi th  exper imenta l  no rma l i za t i on  u n c e r t a i n t y .  The xL f o r  

t h e  f i t  is determined t o  b e  5.8 f o r  6 degree  o f  freedom. 

The X f  d i s t r i b u t i o n  f o r  K*+ p roduc t ion  i n  $P 

i n t e r a c t i o n  a t  16  G ~ V / C  shows a p e a k .  i n  t h e  forward r e g i o n  

( s e e  F ig .  11-4), which i s  c l e a r l y  n o t  t h e  c a s e  i n  t h a t  o f  
. . .  

t h e  E*' observed from t h i s  p r e s e n t  work. Consider ing t h a t  

t h e  p roduc t ion  o f  K*+ i n v o l v e s  a l s o  c o n t r i b u t i o n s  from 

f u s i o n  of va lence  quarks  i n  t h e  p ro ton  ( u )  wi th  s e a  qua rks  
P = 

i n  pion(V S )  i n  a d d i t i o n  t o  t h e  t e rms  involved i n  p roduc t ion  
5 

of K* ( V  P +ss) ,  t h e  forward peak may be  a t t r i b u t e d  mainly 

t o  t h e  va l ence  quarks  o f  t h e  p ro ton .  

C- C r i t i q u e  and Recomendation f o r  F u r t h e r  Analys i s  

A s  was c l e a r l y  demonstra ted,  i n  p r ev ious  s e c t i o n s  t h e  

major d i f f i c u l t y  i n  . de te rmina t ion  o f  t h e  . r a t i o  

( R =  ~ O Z I / ~  i n c l u s i v e )  was t h e  measurement o f  t h e  i n c l u s i v e  

c ros s - sec t i on  f o r  @ produc t ion .  Mass r e s o l u t i o n  comparable 



1 5 4  
t o  t h e  n a t u r a l  resonance width  ( r , 4  M ~ V )  w a s  no t  p o s s i b l e  

because  of t h e  , l a r g e  u n c e r t a i n t i e s  i n  h idden v e r t e x  

d e t e r m i n a t i o n .  . The r e s u l t s  on .r*' produc t ion  a l s o  ' i nvo lve  

l a r g e  u n c e r t a i n t i e s  r e f l e c t i n g  t h e  s t a t i s t i c a l  e r r o r s  and 

u n c e r t a i n t i e s  i n  scanning ,  measur ing,  p roces s ing  and v e r t e x  

f i n d i n g  e f f i c i e n c i e s .  However, t h e  c o n t i n u a t i o n  o f  t h e  

expe r imen ta l  a n a l y s i s  and t h e  complete measurement'  o f  t h e  

remain ing  90 pe roen t  o f  t h e  indluoiv 'a  data w i l l  p rovide  a 

b e t t e r  de t e rmina t ion  o f  c o r r e c t i o n  f a c t o r s  as w e l l  as a more - d 
s i g n i f i c a n t  (10 f o l d  l a r g e r )  d a t a  sample f o r  t h e  s t u d y  of  K* 

p roduc t ion .  With the.  complete measurement o f  , t h e  d a t a  it 

may be  a l s o  p o s s i b l e  t o  r e c o n s t r u c t ,  u s i n g  APACHB, t h e  V O  

decays  hidden i n  t h e  t a r g e t  volume which w e r e  no t  d e t e c t e d  . . 

i n  t h e  . V  scan performed f o r  t h e  p r e s e n t  a n a l y s i s .  T h i s  could  

y i e l d  an e s t ima ted  1 5  a d d i t i o n a l  @,s produced i n  

a s s o c i a t i o n  wi th  K O s  o r  A' . I n v e s t i g a t i o n  of $ productio,n 

accompanied by charged kaons would a l s o  be  p o s s i b l e  u s i n g  

complete measurement o f  t h e  f i l m .  I t  would t h e n  be p o s s i b l e  

t o  have a b e t t e r  de t e rmina t ion  of t h e  c r o s s - s e c t i o n s  i n  

c o n j o i n t  p roces se s .  

D- C r i t i q u e  o f  Exper imental  Procedure  and ~ecomenda t ion  

f o r  Improvement 

The a n a l y s i s ' o f  t h e  d a t a  f o r  t h i s  exper iment .  showed 

t h a t  t h e  i n v i s i b i l i t y  of t h e  i n t e r a c t i o n  v e r t i c e s  

c o n s t i t u t e d  t h e  major: d i f f i c u l t y  i n  t h e  . a n a l y s i s  o f  
. . 

photographed i n t e r a c t i o n s  . i n  t h e  s t reamer  ch,amber. I t .  was 

n o t  found p o s s i b l e  t o  r e s o l v e  m u l t i p l e  i n t e r a c t i o n s  v i s u a l l y  
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i n  t h e  scanning and measuring p roces s . ,  For a l a r g e  p o r t i o n  

of t h e  data ( - '33 pe rcen t  ) t h e  f i n a l  r e s u l t  from t h e  v e r t e x  

r . econs t ruc t ion  program, APACHE c o n s i s t e d  of  more t han  one 

s o l u t i o n  ( even t  v e r t e x ) .  Thus t h e  t a s k  o f  s e l e c t i o n  of  

t h e s e  even t s  w a s  based on r a t h e r  a r b i t r a r y  requ i rements  

imposed on APACHE f i t s  and even t  charge  ba l ance .  The 

u n c e r t a i n t y  i n  de t e rmina t ion  o f  t h e  primary vef tex"1oca t ion  

r e s u l t e d  i n  a  poor mass r e s o l u t i o n  which was no t  s u f f i c i e n t  

f o r  an a c c u r a t e  s t udy  o f  i n c l u s i v e  p roduc t ion  o f  t h e  @ 
meson. However a d i f f e r e n t  arrangement o f  t h e  exper imenta l  

s e t u p  and o p e r a t i n g  c o n d i t i o n s  could have helped i n  

r e s o l v i n g  t h e  m u l t i p l e  i n t e r a c t i o n s .  A lower beam 

r a t e ( 8 f l b u r s t  i n  t h i s  work) could  reduce t h e  f r a c t i o n  o f  

t h e  d a t a  c o n t a i n i n g  m u l t i p l e  i n t e r a c t i o n s .  The in format ion  

from beam PWC'S could t h e n  have been used t o  determine t h e  

c o o r d i n a t e s  o f  t h e  beam upstream o f  t h e  s t r eamer  chamber and 

t h u s  a d d  an a d d i t i o n a l  c o n s t r a i n t  t o  t h e  v e r t e x  f i n d i n g  

.p rocess  i n  APACHE. The o r i g i n a l  p l a n .  o f  t h e  experimen+ 

. inc luded ,  two p l anes  o f  s p a r k  chambers l o c a t e d  behind t h e  K+ 

Cerenkov counte r  and t h e  recorded in format ion  from them were 

t o  b e  used l a t e r  t o  i d e n t i f y  ( b e f o r e  scanning)  t h o s e  ev.ents  

which conta ined a forward p o s i t i v e  p a r t i c l e  h i t t i n g  t h e  

chambers wi thout  produc i n g  l i g h t  i n  t h e  Cerenkov 
-. 

de tec to r (Ck+) .  Such in format ion  would reduce t h e  s i z e  o f  

- t h e  d a t a  sample scanned f o r  i n c l u s i v e  p ~ o d u c t i o n  of  

@-meson, r e q u i r i n g  two forward k a o n ( ~ -  and  K + ) .  The s p a r k  

chambers were excluded from t h e  exper iment  because of t h e i r  

i n e f f i c i e n c y .  . . . . 
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TABLE VII-1 

contribution of Various Subprocesses to 

Inclusive Channels $KO and $4' 
S .! 

Conjoint Subprocess 
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TABU VII-2 

Values of the .Parameter B Obtained from the Fit to 

ds - = to the K* P: Distributions 
d P: 

in Hadronic Interactions 

2 Reaction " Pmb (~ev/c) P t  Slope B Reference 



X d 6  - '0  
Fig. VII-1- Distribution for K*, compared 

with predicttons of Quark Fusion 



Fig. VII-2a 
~ l u a n  Fusion 

* .  

FI~:VII-~~ ' . 

L i g h t '  Quark a n n i h i l a t i o n  

Fig. VII-2c 
Strange Quark fus'ion 



COUNTERS 

During a t e s t  run pe r iod ,  a 9 G ~ V / C  f be* was used t o  

measure t h e  e f f i c i e n c y  o f  each o f  t h e  twenty Cerenkov c e l l s  

wi th  an  a tmospher ic-pressure  i sobutane  . f i l l i n g .  A t  each of 

t h e  fou r  c r o s s i n g  p o i n t s  on an  imaginary 3x3 g r i d  t h a t  

. div ided  t h e  u s e f u l  a r e a  o f  a m i r r o r  s u r f a c e ' i n t o  n i n e  equa l  

s e c t o r s ,  t h e  p r o b a b i l i t y .  t h a t  a Cerenkov s i g n a l  from a beam 

p a r t i c l e  t r a v e r s i n g  t h e  Cerenkov counte r  was measured by t h e  

. . r a t i o ,  

where n- w a s  a l o g i c  s i g n a l  f o r  a 9 G ~ v / &  n- e n t e r i n g  t h e .  

s t reamer  chamber. ' The counte r  S6 w a s  a l n K 1 "  squa re  

s c i n t i l l a t i o n  coun te r  of 1 / 4 " .  t h i c k n e s s  placed downstream 

from t h e  Cerenkov counte r .  The s i g n a l  (K-.S ) ,  t h e r e f o r e ,  

de f ined  a < . p a r t i c l e  t r a v e r s i n g  . the Cerenkov coun te r .  This  

measurement w a s  t aken  a t  a beam r a t e  o f  l e s s  t h a n  one TC- per  

1 . ' ~ /Lcs  beam s p i l l .  Even s o  account had t o  be  t aken  of t h e  

l ong  decay time of  RCA 4522 Cerenkov phototube p u l s e s  i n  

o rde r  t o  Obtain t h e  e f f i c i e n c y  measurement t o  t h e  h igh  

p r e c i s i o n  d e s i r e d .  Hence a v e t o  c i r c u i t  w a s  used s o  as t o  

ignore  beam K- occur ing  w i t h i n  300 n s  of ano the r  beam 

p a r t i c l e .  The e f f i c i e n c y  ranged from 98.8 pe rcen t  t o  100.,0 

pe rcen t  f o ~  t h e  e i g h t y  p o i n t s  measured. These r e s u l t s  were 

combined f o r  e a c h .  m i r r o r  and a,Te t a b u l a t e d  i n  Table  A . l .  

. . 



Averaged over the ten cells in each of the two ,Cerenkov 

counters, the.overal1 efficiencies were 99.848 k.006 percent ,, 

and 99.717 i.008 percent for the K- and K+.Cerenkov counters 

respectively. 



TABLE A - 1  

Pion Rejection Ef f i c icncy  

,+ . 

K- Cerenkov Counter h tcrcnkov Counter Ccl l No. 

1 99.78 2 .02% 99.57 -+ .03% 

, ' 2  99.82 2 .02 99.62 2 .03 

3 99.89 t .02 99.75 -+ .03. , 
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c )  Given.  t h i s  new t r i a l  v e r t e x ,  s t e p s  ( a )  and ( b )  a r e  

repka ted  u n t i l '  t h e  p roces s  converges .  Convergence is  

de f ined  by succes s ive  i t e r a t i o n s  i n  which no t r a c k  changes 

i n  l e n g t h  by . more t h a n  .1 mm i n  space .  The f o r  t h i s  

f i t  i s  then  used as descr ibed  i n  s e c t i o n  B o f  t h e  chap te r  V .  

2-  Cor rec t ion  of Track Parameters  a t  t h e . V e r t e x  

, Given t h e  b e s t  f i t  v e r t e x ,  a s imple  method i s  used t o  

c o r r e c t  t h e  t r a c k  parameters  t o  i t .  To s i m p l i f y  t h e  

c a l c u l a t i o n ,  i t  i s  assumed t h a t  t h e  d i p  ang le  i s  

unco r r e l a t ed  wi th  parameters  i n  t h e  X-Y p lane .  ,The b a s i c  

mathematical  procedure of t h e  c o r r e c t i o n  can be summarized 

i n  t h e  fo l lowing  s t e p s :  

a)  Coloumb S c a t t e r i n g  

Track a r e  c o r r e c t e d  f o r  m u l t i p l e  Coloumb 
\ 

s c a t t e ~ i n g  i n  t h e  t a r g e t  and t a r g e t  w a l l s .  

b )  Dip ang le  

F i r s t  t h e t r a c k  i s  e x t r a p o l a t e d  from, t h e  beginning 

p o i n t  t o  t h e  vertex. '  I t  misses  t h e  v e r t e x  by b z ,  t h e n  a 

co i . rec t ion  of A t  is d e s i r e d  t o  c o r r e c t  t h e  d i p  a n g l e . .  Then 

a < d e f i n e d  as,,  



is minimized t o  de te rmjne  t h e  v a l u e  o f  b t .  .Here Zb is t h e  

normal t o  X-Y' p lane  ' c o o r d i n a t e  . of  t h e  beg inn ing  p o i n t ,  

t = t a n ( d i p )  , ' & i and b t a r e  u n c o r r e l a t e d  e r r o r s  f o r '  t and z  

c o r r e c t e d  f o r  coloumb sca ther ing . .  

c )  Azimuth and ~ ( ~ r o j e c t e d  c u r v a t u r e )  Cor rec t i on  

The r e c a l c u l a t i o n  of theoo TVGP parameterti is done 

u s i n g  a t h r e e  p o i n t  f i t  i n  t h e  X-Y p l a n e  t o  a c i r c l e .  The 

p o i n t s  used a r e  t h e  TVGP c a l c u l a t e d  beg inn ing  and end p o i n t s  . . 

and t h e  APACHE f i t t e d  v e r t e x .  

The f i t  t o  t h e  c i r c l e  would be  c o r r e c t  i f  t h e  magnetic 

f i e l d  was uniform. To account f o r  t h e  non-uniform magnetic 
. . 

f i e l d  of t h e  s t r eamer  chamber, t h e  average TVGP c a l c u l a t e d  

,momentum of t h e  t r a c k  is used t o  e x t r a p o l a t e  t h e  ' t r a c k ' f r o m  

t h e . v e r t e x  t o  i ts  beg inn ig  and t o  i ts  end p o i n t .  The 

d e f l e c t i o n s  i n  space  from t h e  TVGP p o i n t s  a r e  found and 

subsequent ly .  a r e  c o r r e c t e d  f o r  t h e s e  d e f l e c t i o n s .  F i n a l l y ,  

t h e  f i t  - t o  t h e  c i r c l e '  i,s made t o  t h e  c o r r e c t e d '  beginning and 

.end p o i n t s  and t o  t h e  ve r t ex .  



Z 1 6 7  
APPENDIX C- DEPENDENCE OF APACHE X ON MEASUREMENT 

UNCERTAINTY (FRMS) 

2. 

To s tudy  t h e  dependence o f  t h e  APACHE x, on FRMS of 

t h e  e v e n t s ,  a sample of f o u r  e v e n t s  w a s  s e l e c t e d  from 

which were excluded e v e n t s  c o n t a i n i n g  "ha lo"  t r a c k s ( p o s i t i v e  

charge wi th  momentum more t h a n  10 G ~ v / c ) .  A l l  o f  t h e s e  

e v e n t s  were t hen  processed through APACHE. P l o t s  of X: 

ve r sus  average t o t a l  FRMS were .made and- a c l e a r  dependence 

of X* upon FRMS w a s  observed.  < was ' t hen  normalized 
v 

t o  t h e  a c t u a l  measurement u n c e r t a i n t y  f o r  n t r a c k s  'by a 

f a c t o r  F s c a l e  def ined  as 

Comparison o f  t h e  his tograms b e f o r e  and a f t e r  no rma l i za t i on  

f o r  d i f f e r e n t  i n t e r v a l s  o f  < (FRMS)>  showed t h a t  t h e  g' 
d i s t r l h a t i  ons  (figs. C-1 a ,  d) b e f o r e  no rma l i za t i on  tend  

broaden as <FRMS> i n c r e a s e s .  However, f i g s  C-2a,d show t h a t  
L 

sca l ed  X, d i s t r i b u t i o n s  a f t e r  no rma l i za t i on  a r e  similar.  

This  conf i rms .. . t h a t  t h e  s c a l e d  can b e  used as a g e n e r a l  

v a r i a b l e  t o  t e s t  t h e  goodness o f  t h e  APACHE v e r t e x  f i t s .  

The Di-plot  of F ig .  C-3 shows t h e  o v e r - a l l  dependence 
. . 

'L . . 

of  x L on <(FRMS) >. The superimposed l i n e  shows a l i n e a r  

dependence which is  t h e  b a s i s  of ' t h e  . d e f i n i t i o n  . o f  F s c a l e ,  

above. 



1 < FRMS < 2 

3 < FRMS< .4 

. /+c?RMS< 5 
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2 ~ i g : .  e-1- ~istiibLtion of APACHE X f o r  f o u r  ranges of 
average FRMS . . 
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1 < FRMS < 2 

- - 

2 < FRMS < 3 

2 
Fig. .&2- Distribution of APACHE x af ter  

scaling for four regionof FRMS 
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APPENDIX D- EFFECT OF K+ CONTAMINATION IN THE INCIDENT 

BEAM ON THE RATIO R= & ? ~ / 6 ~ ~ ~ ~  
(See Section VII-A) 

The lower-limit for R= GzI/rqIZe was estimated to be .35 
using the measured cross-sections for reactions VII-1 and VII-2 

and an upper-limit estimated for the inclusive cross-section. 

It can however, be argued that the contaminating K+ mesons, 

which accounted for 1.1 percent of the incident beam particles, 

might have been responsible partly [or even entirely) for the 

production of ( PK;) ' s. (It should be noted that strangeness 
0 

conservation does not favor production of @A in K+P inter- 

actions'). Thus the cross-section for conjoint production of 

t in 7 P interactions would be reduced to .5  &. From the 
. . 

existing experimental data on @ production in K+P  and:$^ 
. . 

4 
interactions at 1'6 Ge,V/c, the ratio 

& f ~ ' P * @ t % )  
, . = 8.5 .S(7'P--., cp. X) 

for X f  , . 4  was found. 

'The contribution of K+P interactions to the inclusive 

cross-section for '@ pr'oductio.n i s  thus 

The ratio R for the OZI-allowed contribution to 9 pr6du- 
tion in $P interactions thus can be estimated as . 



i 7 2  
It can be inferred'however, that the contribution of K+P 

interactions to the 
' 8 .  

'because the experimental ratio 

is in agreement with the 

probability of occurrence for conjoint processes. Significant 

contribution of a possible K+ beam contamination to PK; 
production would be expected to yield an excess of observed 

K over . NO Such excess is apparent withlh the limited 
statistics of the present data. We conclude that in the worst case , , ~ ~ ~  

the ratio R could be reduced to as small as .19 by beam K+ conta- 

miriation. I '  
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