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SUMMARY

The e x is te n c e  o f  th e  Ay peak b e tw een  1300 and 1400 MeV was sup
p o r te d  by o u r  m easu rem en ts. The e x p la n a t io n  o f  t h i s  p e ak  by теап з o f  th e  
h y p o th e t i c a l  An /1 6 8 0  MeV/ re so n a n c e  can  be r e j e c t e d  on a 97 % c o n f i 
dence  l e v e l .
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INTRODUCTION

I n  s tu d y in g  th e  A p ro d u c t io n  in  i n t e r a c t i o n s  o f n e g a t iv e  p io n s  
w ith  p ro to n s  i n  th e  0 .5  m propane chamber o f  th e  JTNR a  peak  was o b serv ed  
i n  th e  e f f e c t i v e  mass d i s t r i b u t i o n  betw een 1300 and 1400 MeV b o th  a t  7 -8  
GeV [1 ] , and a t  4 GeV p rim ary  e n e r g ie s  [2] / F i g . l a / .  , The a u th o rs  co n clu d ed  
t h a t  th e  o r i g i n  o f t h i s  peak c o u ld  be e x p la in e d  by a 1680 MeV An re so n an c e  
d e ca y in g  i n t o  a  A2y f i n a l  s t a t e  g iv in g  r i s e  to  th e  o b se rv ed  A and у 
p a r t i c l e s .  B ecause o f th e  low у  r a y  d e t e c t io n  e f f i c i e n c y  in  e x p e rim en ts  
[1 ,2 ]  i t  was n o t p o s s ib le  to  i n v e s t i g a t e  th e  A2y m ass d i s t r i b u t i o n  in  
o rd e r  to  ch eck  th e  e x is te n c e  o f th e  An re so n an c e  d i r e c t l y .

The m ain p u rp o se  o f th e  p r e s e n t  e x p e rim en t was to  r e p e a t  th e s e  i n 
v e s t i g a t i o n s  in  a l a r g e r  chamber h av in g  s i g n i f i c a n t l y  g r e a t e r  у  ra y  
d e te c t io n  o f f i c i e n c y .

EXPERIMENTAL

U sin g  th e  JINR 1 m p ro p an e  chamber [3 ] i r r a d i a t e d  by a  5»1 GeV/c 
i t *  beam a b o u t 100 000 p ic tu r e s  have been  ta k e n . The p i c tu r e s  w ere scanned  

tw ice  in  o r d e r  to  s e l e c t  e v e n ts  w ith  Л h y p ero n s p ro d u ced  i n  тт_р - i n t e r 
a c t i o n s .  The s e l e c t i o n  c r i t e r i a  u se d  were e s s e n t i a l l y  i d e n t i c a l  w ith  th o se  
d e s c r ib e d  i n  r e f s  [ 1 ,2 ] .*

The s e le c te d  e v e n ts  w ere m easured on sem iau to m a tic  d e v ic e s .  v ° 's  
and y 's  p a sse d  th ro u g h  a g e o m e tr ic a l  r e c o n s t r u c t io n  and k in e m a tic a l  f i t  
program  [4 ,5 ]  in  o r d e r  to  i d e n t i f y  A and у  p a r t i c l e s  and to  r e j e c t  
p a r t i c l e s  n o t  b e lo n g in g  to  th e  e v e n t .  A f te r  t h i s  p ro c e d u re  we c l a s s i f i e d  
o u r  e v e n ts  a c c o rd in g  to  th e  num ber of у r a y s  a s s o c ia te d  w ith  th e  A p a r 
t i c l e .  S p e c ia l  c a re  was ta k en  to  re c o g n is e  B re m ss tra h lu n g  y ' s  by com
p a r in g  th e  d i r e c t i o n  o f  t h e i r  l i n e  of f l i g h t  w ith  t h a t  o f  o th e r  у ra y s  
b e in g  su p p o sed  to  be p rim ary  o n e s .

The Лу in v a r i a n t  mass d i s t r i b u t i o n  i s  shown i n  F i g . l b  . Only 
e v e n ts  w ith  one o r two observ ed  у ra y s  w ere u sed , and  b o th  p o s s ib le  com
b in a t io n s  w ere ta k e n  from  th e  l a t t e r  ty p e . One can s e e  an e x c e l l e n t  a g re e 
ment b e tw een  F i g s . l a  and l b '  , i . e .  th e  p eak  in  th e  1300-1400 MeV mass

*The o n ly  d i f f e r e n c e  w as, t h a t  e v e n ts  in  w h ich  а Л hy p ero n  was p roduced  
w ith o u t th e  ap p ea ran ce  o f a у  r a y  were a l s o  m easu red .
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i n t e r v a l  was re p ro d u c e d  i n  oxir e x p e r im e n t. F ig .2 shows th e  p l o t  o f th e  
2y  i n v a r i a n t  m asses v s .  th e  Ayy i n v a r i a n t  m a sse s , which w ere

c a l c u l a t e d  u s in g  o n ly  e v e n ts  w ith  two o b se rv ed  у r a y s .  One can see  on 
F i g .2 th e  c o rre sp o n d in g  p r o je c te d  2y and Луу mass d i s t r i b u t i o n s ,  
a s  w e l l .  W hile t h e r e  i s  a  c l e a r  тг° p eak  in  th e  2y m ass d i s t r i b u t i o n  
no e v e n ts  can bé se e n  i n  th e  n° r e g io n .

U sing th e s e  mass p l o t s  we w ent on c l a s s i f y i n g  our e v e n ts  /T a b le  I . / .  
E v e n ts  w ith  one у r a y  h a v in g  Ay e f f e c t i v e  m ass betw een 1300 and 1400 
MeV w ere d en o ted  by  ( Ay ) , a l l  o th e r  e v e n ts  w i th  one у r a y  by Ay ,
e v e n ts  w ith  two у r a y s ,  w here th e r e  i s  a t  l e a s t  one Ay co m b in a tio n
w ith  an  e f f e c t i v e  m ass in  th e  r e g io n  o f  1300-1400* by  (Ay) у , and a l l  
o th e r  e v e n ts  w ith  two y 's  by A2y , The num bers o f e v e n ts  in c lu d e d  in  
T ab le  I  a re  c o r r e c te d  f o r  th e  b ack g ro u n d .

DISCUSSION OF THE RESULTS

I n  th e  fo l lo w in g  we compare o u r r e s u l t s  w i th  th e  h y p o th e s is  o f  th e
e x is t e n c e  o f a  An /1 6 8 0  MeV/ re so n a n c e  s u g g e s te d  in  [ 1 ,2 ] .  P o s s i b i l i t i e s
f o r  th e  e x p la n a t io n  o f th e  a p p ea ra n ce  o f  th e  p eak  i n  th e  Ay mass d i s t r i 
b u t io n  betw een  1300 and 1400 MeV by means o f th e  Air , Лтттг and Ett

d ecay  o f  w e ll known re s o n a n c e s  can be r u le d  o u t ,  a s  i t  was shown in  r e f s .
[1, 2, 6].

The method we a re  g o in g  to  a p p ly  was exposed  e s s e n t i a l l y  in  r e f .  
[ 7 ] .  The r a t i o  o f  th e  p r o b a b i l i t y  f o r  th e  p ro d u c tio n  o f a An ev en t to  
t h a t  o f  a (Ay) у e v e n t i s  g iv e n  b y :

R = An c ' 2 [ р о„ + f i , a - e>*+ ^ , a - o 4]
2 e '  ( 1 - e ' )  [ P ,  2e ( 1 - e )  + P 4e ( 1 - e ) 3](Ay) у

/ 1 /

w here e and e ' a r e  th e  a v e ra g e  у r a y  d e t e c t io n  e f f i c i e n c i e s  f o r  у 
r a y s  b e lo n g in g  o r  n o t  b e lo n g in g  to  th e  p e a k , r e s p e c t i v e l y .  Pq ^ , p and

р2тг a r e  th e  r e l a t i v e  p r o b a b i l i t i e s  /n o rm a lis e d  to  u n i t y /  o f  th e  p ro d u c 
t i o n  o f  0 , 1 and 2 tt0 , s a s s o c ia te d  w ith  a  An re s o n a n c e . A s e p a ra te  
a n a ly s i s  h as  shown t h a t  e “ e ' , and we can ta k e  f o r  b o th  0 ,2 0 .

In  o rd e r  to  e s t im a te  th e  v a lu e s  o f
O TT I tt

and P„. 2 7Г we
assum ed t h a t  th e y  a r e  e q u a l t o  th e  c o rre sp o n d in g  v a lu e s  o b ta in e d  f o r  th e

*We fo u n d  o n ly  one A2y e v e n t ,  where b o th  Ay c o m b in a tio n s  had  an 
e f f e c t i v e  mass b e tw een  1300 and  1400 MeV.



-  3 -

p ro d u c t io n  o f tt° ' s a s s o c ia te d  w ith  A° and £° i n s t e a d  o f  An
U sing  th e  e x p e r im e n ta l  d a ta  from  r e f .  [8] we o b ta in e d  f o r  
and 0 .5 5 , O .5O and 0 .1 5 , r e s p e c t i v e l y .  I n s e r t i n g  th e s e  v a lu e s  in to
E q . / l /  we o b ta in  R = 0 ,6 4 .  Taking t h i s  R v a lu e  and th e  e x p e r im e n ta ly  
o b ta in e d  number o f e v e n ts  in  c l a s s e s  (A y)y and An / s e e  T ab le  I  /  one 
can  r u le  o u t  th e  h y p o th e s is  w ith  a c o n fid e n c e  l e v e l  o f  97 %, ap p ro x im a tin g  
th e  a c tu a l  d i s t r i b u t i o n  by a G au ss ian  o ne . I t  can  be shown t h a t  t h i s  r e s u l t  
i s  n o t to o  s e n s i t i v e  f o r  th e  c h o ise  o f  th e  backg round  l e v e l .  An in c r e a s e  o f  
th e  background to  i t s  h ig h e s t  r e a s o n a b le  v a lu e ,  i . e .  th e  d e c re a s e  o f  th e  
number o f  (A y)у e v e n ts  up to  5 , le a d s  to  a  r e s u l t  e x c lu d in g  th e  f i r s t  
h y p o th e s is  w ith  a  92 % co n fid e n ce  l e v e l .

CONCLUSION

The e x is te n c e  o f  th o  Ay p eak  betw een  1300 and 1400 MeV was sup
p o r te d  by o u r m easu rem en ts. A d e t a i l e d  a n a ly s i s  o f  o u r e x p e r im e n ta l  r e s u l t s  
showed t h a t  th e  e x p la n a t io n  o f t h i s  peak  by means o f  th e  h y p o th e t ic a l  An 
/1 6 8 0  MeV/ re so n an ce  c an  be r e j e c t e d  on a  97 % c o n fid e n ce  l e v e l .

We have to  em p h asize , how ever, t h a t  t h e r e  i s  a  p o s s i b i l i t y  f o r  
e x p la in in g  th e  Ay p e ak  by a Y * • • re so n a n c e  s t a t e  /S  = 1 , 1 = 0 /  

.d e c a y in g  i n t o  A and у , as i t  was a lr e a d y  m en tioned  i n  r e f s .  ( 1 ,6  ] .
The p o s s ib le  e x is te n c e  o f  .a  s i n g l e t  o f  t h i s  ty p e  was c o n s id e re d  t h e o r e t i c a l 
l y  in  r e f s .  [9 ,1 0 ] .

U n fo r tu n a te ly  th e  s t a t i s t i c a l  m a te r i a l  p re s e n te d  i n  t h i s  p a p e r  does 
n o t  a llo w  to  check t h i s  h y p o th e s is .  The a u th o rs  in te n d  to  a n a ly s e  t h i s  
p rob lem  b a se d  on a much l a r g e r  e x p e r im e n ta l  m a te r i a l  in  a  fo r th co m in g  p a p e r .

T ab le  I

Type o f  e v en ts Number o f  e v en ts

(Ay) 10 / 1 2 /

Ay 94

(Ay) у 7 / 5 /
A2y 22

An 0
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а /  Taken from  r e f .  C23; b /  Our ex p erim en t / a l l  e v e n t s / ;
с /  E ven ts  from  F i g . l b ,  d / E v en ts  from  F ig .  lb  b e lo n g in g  to

•where o n ly  e v e n ts  w ith  th e  Л2y clp .s 's .
ly  ra y  were u sed ;
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Fig« 2 . The y y  v s .  Луу e f f e c t i v e  mass p l o t  w ith  th e  c o rre sp o n d in g  p r o je c te d  d i s t r i b u t i o n s
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