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Summary

A d e v ia t io n  from  i s o t r o p y  in  th e  a z im u th a l a n g u la r  d i s t r i b u t i o n  o f 
seco n d a ry  p a r t i c l e s  o f  two and th r e e  prong p io n -n u c le o n  i n t e r a c t i o n s  i s  
o b se rv ed  i n  em u lsio n  a t  17>2 GeV/ с .  A ttem p ts  a r e  made- u s in g  Monte C a r lo  
c a l c u l a t i o n s  f o r  th e  i n t e r p r e t a t i o n  o f  th e se  a z im u th a l e f f e c t s  on th e  
b a s i s  o f  ( i ) t h e  k in e m a tic s  o f  r e a c t i o n s  тг“р-*-ртг'(ктг°)ап1 тгр-ппт* тг'Ск'тг0) and 

( i i  ) th e  d i f f r a c t i o n  d i s s o c i a t i o n  o f  p io n s  on n u c l e i .  A new method i s  
g iv e n  f o r  th e  s e l e c t i o n  o f th e  c o n t r i b u t i o n  o f  DD i n t e r a c t i o n s  from  th e  
th r e e  p ro n g  e v e n ts .  U sin g  t h i s  m ethod ADD= ( l0 6 5  -  288)m and  Aqd =(113 -  13) 
a re  o b ta in e d  f o r  th e  mean f r e e  p a th  o f  th e  d i f f r a c t i o n  d i s s o c i a t i o n  i n  
em u lsio n  a t  ~  7 nnd 17*2 GeV/ с ,  r e s p e c t i v e l y .  The p o s s ib le  In f lu e n c e  
o f  th e  1 Deck—e f f e c t  i n  c a se  o f  th e  t h r e e  p rong  e v e n ts  i s  a l s o  i n v e s t i g a t e d .
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1 . I n t r o d u c t io n

In  th e  l a s t  y e a rs  s e v e r a l  a t te m p ts  have b e e n  made to  d e t e c t  
a z im u th a l e f f e c t s  in  th e  a n g u la r  d i s t r i b u t i o n  o f  se c o n d a ry  p a r t i c l e s  
g e n e ra te d  in  h ig h  energy  i n t e r a c t i o n s  a t  a c c e l e r a t o r  e n e r g ie s  / e . g . [  1 ] /  
a s  w e ll  as in  th e  cosmic r a y  energy r e g io n  / e . g .  [ 2 ] / .  The im p o rtan ce  
o f th e s e  s tu d ie s  -  as i t  was p o in te d  o u t in  r e f s ,  [ 5 - 7 ] - ' i s  g iv e n  b y  
th e  fo llo w in g «  I f  in  th e  d i s t r i b u t i o n  o f -a z im u th a l  a n g le s  o f  se c o n d a ry  
p a r t i c l e s  a d e v ia t io n  from  is o tr o p y  w ould be fo u n d , th e n  t h i s  f a c t  w ould 
r e n d e r  im p o r ta n t in fo rm a tio n  abou t th e  p ro d u c tio n  mechanism -  e s p e c i a l l y  
a b o u t th e  p ro d u c t io n  o f f i r e b a l l s ,  o r  o th e r  r e s o n a n t  s t a t e s  a s s o c ia t e d  
w ith  la r g e  a n g u la r  momenta.

The aim o f  th e  p r e s e n t  a n a ly s i s  i s  to  i n v e s t i g a t e  th e  p o s s ib le  
a z im u th a l e f f e c t s  in  p io n -n u c le o n  (тгЮ i n t e r a c t i o n s  a t  1 7 »2 GeV/ с .  The 
work can  be ta k e n  as  a c o n t in u a t io n  o f  a s im i l a r  i n v e s t i g a t i o n ,  c a r r i e d  
o u t e a r l i e r  on irR  in t e r a c t io n s  a t  a  p rim a ry  momentum of ~ 7 GeV/c [8 ] ,
In  t h a t  p ap e r i t  was r e p o r te d  abou t an  a z im u th a l a n is o t r o p y  i n  th e  two 
and th r e e  prong  e v e n ts ,  w h ile  a t  h ig h e r  m u l t i p l i c i t i e s  such  an  e f f e c t  
c o u ld  n o t be d e t e c te d .

S ince  th e  r e s u l t s  o f  d i f f e r e n t  a u th o rs  [ l ]  , [б -  l l ]  c o n c e rn in g  
th e  q u e s t io n  o f  az im u th a l e f f e c t s  a re  r a t h e r  c o n t r a d ic to r y  o r  in c o n c lu s iv e  
i t  seemd to  be w o rth w ile  to  check  o u r e a r l i e r  r e s u l t s  and c a r r y  o u t a new 
m easurem en t.

2 . E x p e rim en ta l

F or th e  p r e s e n t  a n a ly s i s  a t o t a l  o f  928 I n e l a s t i c  тг N i n t e r a c t i o n  
fou n d  in  I l f o r d  G5 p la te s  by  a lo n g  th e  t r a c k  s c a n n in g  / f o r  d e t a i l s  o f  th e  
sc a n n in g  and m easurem ent s e e  r e f s .  [ l 2 j [ l3]/w as u se d x . The i n t e r a c t i o n s  s a 
t i s f i e d  a p p r o p r ia te  s e l e c t i o n  c r i t e r i a  sum m arised i n  r e f .  [ 1 4 ]x x . T h is  
sam ple o f e v e n ts  c o n ta in e s  m o s tly  th e  i n e l a s t i c  i n t e r a c t i o n s  o f  th e  
p r im a ry  p io n  on f r e e  and q u a s i - f r e e  n u c le o n s  and i n  a c e r t a i n  amount th e  
so c a l l e d  d i f f r a c t i o n  d i s s o c i a t i o n  /D D / e v e n ts  w hich  a ls o  s a t i s f y  th e  
above s e l e c t i o n  c r i t e r i a .  Thus our sam ple  i s  -  a p a r t  from  th e  DD e v e n ts  -  
a lm o s t f r e e  from  th e  more com plex p io n -n u c le u s  /  -nj r  /  i n t e r a c t i o n s ,  w hich  
can  maske th e  p o s s ib le  a z im u th a l e f f e c t s .

у
We a r e  in d e b te d  to  th e  A lm a-A ta g ro u p  f o r  k in d ly  p ro v id in g  u s  w ith  t h e i r  
d a ta  c o n c e rn in g  th e  2- ,  5-  and 4- p ro n g  e v e n ts ,  w hich  a re  in c lu d e d  i n  th e  
above sam ple.

T hese s e l e c t i o n  c r i t e r i a  w ere th e  sam e, w hich have  been  a p p l i e d  f o r  th e  
~7 GeV/ с  m a t e r i a l .
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I t  i s  re m a rk a b le , t h a t  in. g e n e ra l  th e  com plex n u c le a r  i n t e r a c t i o n s  
a re  n o t  s e p a ra te d  i n  th e  m a jo r i ty  o f th e  sam p les u se d  so  f o r  i n v e s t i g a t i n g  
a z im u th a l a n is o to p y .

3. R e s u l t s

I n  o rd e r  to  d e t e c t  a  p o s s ib le  a z im u th a l a n is o t r o p y  th e  f r e q u e n t ly  
a p p l ie d  "method o f  c o n s e c u t iv e  a n g le s "  [5 ]*  [ 15 ] was u s e d . A c c o rd in g 'to
t h i s  m ethod th e  o b se rv e d  d i s t r i b u t i o n  o f  c o n s e c u t iv e  a z im u th a l a n g le s  
/ i . e .  o f  th e  s e p a r a t io n  a n g le  ф = Ф1+1~<^ b e tw een  th e  a z im u th a l a n g le s  o f  th e  
s u c c e s s iv e  p ro n g s /  f o r  e v e n ts  o f  a g iv e n  m u l t i p l i c i t y  h a s  to  be com pared 
w ith  th e  c o r re sp o n d in g  random d i s t r i b u t i o n .

In  case  o f a z im u th a l i s o t r o p y  th e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  Ф 
f o r  n -p ro n g  e v e n ts  i s  g iv e n  by  th e  fo l lo w in g  e x p re s s io n :

Ы(ФЫФ = ( n - l ) ^ l  -  2 f f  111

The o b se rv e d  d i s t r i b u t i o n s  to g e th e r  w ith  th e  random o n es o b ta in e d  from  
e x p r e s s io n  / 1/  f o r  e v e n ts  h a v in g  d i f f e r e n t  number o f  p ro n g s  /n = 2 , 3 , 4 , 5 ,
6 , »7 /  a r e  shown i n  F i g . l .  th e  c u rv e  f o r  n* 7 was o b ta in e d  by c a l c u l a t i n g  
w e ig h te d  av e rag e  o f  th e .c u r v e s  f o r  n=7 , 8 , 9 , 1 0 , 1 1 , 1 2 , w here the  w e ig h tin g  
f a c t o r s  w ere th e  num ber o f e v e n ts  o f th e  c o r re s p o n d in g  m u l t i p l i c i t i e s .

2
A x - t e s t  shows / s e e  T ab le  I . / ,  t h a t  in  c a s e s  o f  th e  two and th r e e  

prong  e v e n ts ,  th e r e  e x i s t s  a  s i g n i f i c a n t  d e v ia t io n  from  th e  a z im u th a l 
i s o to p y ,  w hereas a t  h ig h e r  m u l t i p l i c i t i e s  su ch  d e v ia t io n s  co u ld  n o t  be 
d e t e c te d .
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T able I ,

Number o f  p ro n g s  
n p ( x2)

2 0 ,0 1  %
3 0 ,01  %
4 3 % «

. 5 5 % X
U 6  %  X

i 7 55 %

C a l c u l a t i n g  P(x2) t  c e l l s  c o n ta in in g  o n ly  a  sm a ll number o f  p a r t i c l e s  were 
g rouped  to g e th e r ,  w hich  p ro c e d u re  -  though  a l i t t l e  a r b i t r a r y  -  i s  g e n e r a l ly  
u sed  i n  x2 -  t e s t s .
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These r e s u l t s  a re  i n  ag reem en t w ith  th o se  o b ta in e d  e a r l i e r  a t  ~ 7  G-eV/c. 
Our sam ples in  n e i t h e r  c a s e s  c o n ta in  e v e n ts  l y in g  w ith in  5 0 ^ u , / i n  p ro c e s s e d  
e m u ls io n / from  e i t h e r  s u r f a c e  o f th e  e m u ls io n , a v o id in g  th u s  th e  b i a s e s  
due to  the  o m iss io n  o f  d ip p in g  show er t r a c k s .  The f a c t ,  t h a t  th e s e  u n b ia s e d  
sam ples show a s i g n i f i c a n t  d e v ia t io n  from  a z im u th a l i s o t r o p y  i s  a g a in s t  
th e  c o n c lu s io n  o f  th e  a u th o r s  o f r e f .  [ 1 J.

In  o rd e r  to  g e t  in fo rm a tio n  a b o u t th e  p o s s i b le  cause 's o f  th e  o b se rv e d  
a z im u th a l a n is o t r o p y  o f  th e  two and th r e e  p ro n g  e v e n ts ,  th e  fo l lo w in g  
a n a ly s e s  were c a r r i e d  o u t .

4 . A n a ly s is  o f  th e  tw o-p rong  e v e n ts

The d i s t r i b u t i o n s  o f  th e  c o n s e c u t iv e  a z im u th a l a n g le s  a r e  p l o t t e d  
on F i g . 2 f o r  th o s e  e v e n ts  i n  w hich b o th  o f  th e  ch a rg e d  s e c o n d a r ie s  w ere 
i d e n t i f i e d  and w ere found  to  be p t r  / F i g .  2 a /  o r  it* i r  / F i g .  2 b /  p a r t i c l e s  
r e s p e c t iv e l y 7'? i . e ,  f o r  r e a c t io n s

тг- p ртг" ( ктт°) к  — 1 ) 21 . •» / 2а /

тт_р птг+тг"(к'тт°) к ’ = 0 , 1 , . . . / 2Ь /

The i s o t r o p i c  d i s t r i b u t i o n s  and d i s t r i b u t i o n s  c a l c u la te d  by  a  Monte 'C a rlo  
m ethod / t h e  m a tr ix  element: o f  th e  i n t e r a c t i o n s  was chosen  to  be c o n s t a n t ,  
f o r  th e  d i f f e r e n t  c h a n n e ls ,  see  A ppendix  1 . /  a r e  a l s o  drawn i n t o  th e  
f i g u r e .

One can  s e e  t h a t
/ 1 /  I n  ca se  o f  r e a c t i o n  / 2 а /  th e re  i s ,  b o th  in  th e  

e x p e r im e n ta l and Monte C a rlo  d i s t r i b u t i o n s  a p ronounced  and c o m p a ra tiv e ly  
narrow  peak a round  Ф = 1 8 0 ° / t h e  i n t e r v a l  150° <ф< 210° c o n ta in e s
46 % o f  a l l  th e  m easured  e v e n t s / .  T h is  peak  i s  much l e s s  p ronounced  and 
narrow  f o r  r e a c t i o n  / 2Ь / a s  can  be s e e n  from  b o th  th e  e x p e r im e n ta l and 
Monte C arlo  d i s t r i b u t i o n s  / t h e  same I n t e r v a l l  c o n ta in e s  o n ly  20 % o f  a l l  
th e  m easured e v e n t s / .

F o r th e se  d i s t r i b u t i o n s  a p p r o p r ia te  g e o m e tr ic a l  f a c t o r s  w ere u sed  
/ s e e  r e f s .  [ 1 2 ,] [ 13] / .



/ 2 /  The Monte C a rlo  c u rv e s  a g re e  q u i t e  w e ll w ith  th e  e x p e r im e n ta l  
d i s t r i b u t i o n s  e x c e p t  a t  th e  v e ry  edges f o r  th e  r e a c t i o n  /2 Ъ /.  T h is  i s  
p ro b a b ly  due to  p e r ip h e r a l  c o l l i s i o n s  w here th e  ir+ and  it- p a r t i c l e s  
a re  e m it te d  from  th e  u p p er v e r t e x  a t  sm a ll a n g le s  w ith  th e  p rim a ry  d i r e c t i o n  
in  th e  l a b o r a to r y  sy s te m , w hich p ro c e s s  was n o t ta k e n  in t o  a c c o u n t i n  our 
Monte C a rlo  c a l c u l a t i o n .

2
The r e s u l t  o f  a  x - t e s t  f o r  th e  i s o t r o p i c  and Monte C a rlo  d i s t r i b u 

t i o n s  c a n  be se e n  i n  T able I I .  I n  th e  l a s t  column o f th e  t a b l e ,  p '  ( v 2) 
means th e  P e a rso n  p r o b a b i l i t i e s  i f  we do n o t  tak e  in t o  a c c o u n t th e  f i r s t  and 
l a s t  c e l l s .

Thus ou r a n a l y s i s  show s, t h a t  th e  o b se rv e d  d e v ia t io n  from  is o t r o p y  
o n ly  p a r t l y  can  be e x p la in e d  by  th e  k in e m a tic s  o f th e  p r o c e s s e s .

T ab le  I I .

r e a c t i o n ^ ( x 2) pMC(x  ) p ' (v 2)
MCVX '

/ 2а / 0 ,0 1  % 14 .. %
/ 2Ъ / 0 ,2  % 0 , 0 J % 23 %

t o t a l
w ith  n  = 2

0 ,0 1  % 3 % 50 %

5. A n a ly s is  o f th e  th re e -p ro n g  e v e n ts

As i t  was m en tioned  b e f o r e ,  th e  th r e e  prong e v e n ts  have a  c e r t a i n  
c o n ta m in a tio n  o f  DD i n t e r a c t i o n s  [13J t [16-18] .

T h e re fo re  o u r sam ple i s  s u b d iv id e d  in t o  th re e  p a r t s s  
( a )  E ven ts  c o n ta in in g  an  i d e n t i f i e d  p ro to n .  ^
(b ) E vents  w i t h o u t  an i d e n t i f i e d  p r o t o n ,  f o r  w h ich  I sinG^ > 0 ,44

/w here i s  th e  e m is s io n  sp a c e  an g le  o f  th e  \ - t h  t r a c k / .
3

( c )  E v en ts  w ith o u t an i d e n t i f i e d  p r o to n ,  f o r  which- \  s in 0  < 
< 0 , 4 4 j i . e .  th e  D D -c a n d id a te s . i= l

The a z im u th a l a n g u la r  d i s t r i b u t i o n  o f  e v e n ts  b e lo n g in g  to  su bsam ples 
( a ) ,  ( b )  and t h e i r  sum can  be s e e n  on F ig .  J a  / d i s t r i b u t i o n s  q u o te d  by 
1 ,2  and J / .  The c o r re sp o n d in g  random d i s t r i b u t i o n s  a r e  a l s o  i n d i c a t e d .  As 
can  be s e e n  from  th e  f ig u r e  and from  th e  v a lu e s  o f P (x2 ) / i n d i c a t e d  on th e  
f i g u r e /  th e r e  i s  no a z im u th a l e f f e c t  i n  e i t h e r  c a s e s .



The d i s t r i b u t i o n  of subsam ple  (c ), how ever h a s  a shape q u i t e  d i f f e r e n t  
from t h a t  of th e  random one. I t  has  a p eak  a t  around  Ф = 180°, and a f t e r  a  
r a p id  f a l l ,  a t a i l  a t  Ф - v a lu e s  g r e a t e r  t h a t  Ф= 210° / s e e  F ig .  ЗЪ /.

T h is  c h a r a c t e r i s t i c  sh a p e  a u to m a t ic a l ly  s u g g e s ts  th e  a ssu m p tio n  t h a t  
t h i s  subsam ple c o n s i s t s  o f two ty p e s  o f  ev en ts}  ( i )  e v e n t s ,  w hich  y i e ld  th e  
i s o t r o p i c  p a r t  o f  th e  d i s t r i b u t i o n ,  and ( i i  ) e v e n ts ,  w hich  ca u se  th e  d e v ia t io n ,  
from  i s o t r o p y .

I n  o rd e r  to  s e p a ra te  t h i s  two ty p e s  o f  e v e n ts  a  s t r a i g h t  l i n e  was 
f i t t e d  to  th e  t a i l  o f  the d i s t r i b u t i o n  and i t  was e x t r a p o la t e d  down to  Ф= 0 ° .  
Then s u b t r a c t in g  th e  a re a  u n d e r  t h i s  l i n e  from  th e  d i s t r i b u t i o n  o f  e v e n ts  
b e lo n g in g  to  subsam ple ( c )  a  new d i s t r i b u t i o n  c o r re s p o n d in g  to  th e  e v e n ts  
c a u s in g  th e  d e v ia t io n  from i s o t r o p y  can  be o b ta in e d .

A com p ariso n  o f  th i s  new d i s t r i b u t i o n  / d i s t r i b u t i o n  1 i n  F i g . 4 /  w ith  
th a t  c a l c u la te d  by  Monte C a rlo  method f o r  DD i n t e r a c t i o n s  / f o r  d e t a i l s  se e  
A ppendix 2 . /  o f ty p e s

tt'JT -*• У  Xĵ ,. p°7T— / З а /
and

iT'Jf" -*• У ■+ Jf 7Г+ ТГ ТГ" /З Ь /

where x “* i s  th e  c o h e re n t ly  p roduced  sy stem  h av ing  a n  e f f e c t i v e  mass m* , 
shows / d i s t r i b u t i o n s  2 and 3 i n  F i g . 4 / ,  t h a t  th e re  i s  an  e x c e l l e n t  ag reem en t 
w ith  th e  d i s t r i b u t i o n  c a lo u la t e d  f o r  r e a c t i o n  / З а / .  Thus we ca n  co n c lu d e  
th a t  th e  d i s t r i b u t i o n  o b ta in e d  by  th e  above p ro ced u re  i s  due to  o n ly  DD 
e v e n ts  /p re su m a b ly  o f  type / З а /  / .  T h is  means th a t  t h i s  " s u b t r a c t io n "  
p ro c e d u re  g iv e s  a  p o s s i b i l i t y  to  s e l e c t  DD e v e n ts  from  a  sam ple o f  th r e e  
prong e v e n t s .

л

Knowing t h i s  r e s u l t ,w e  c a n  make th e  s u b t r a c t io n  more p r e c i s e l y ,  e lim 
in a t in g  th e  in a c c u ra c y  in  th e  e x t r a p o la t io n - .  Denote by  y^ th e  number o f  
a n g le s  i n  th e  i - t h  c e l l  in  th e  c o n s e c u t iv e  a z im u th a l a n g u la r  d i s t r i b u t i o n ,  
by mt and h-t th e  same q u a n t i t i e s  o b ta in e d  by th e  Monte C arlo  c a lc u la tio n  f o r
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In  t h i s  c a l c u l a t i o n  the  s p in  p a r i t y  a s s ig n e m e n t o f  th e  -s y s te m  was 
n o t ta k e n  in to  a c c o u n t s in c e  i t  i s  shown in  A ppendix 2 , th a t  th e  shape o f 
th e  d i s t r i b u t i o n  o f  c o n s e c u t iv e  a z im u th a l a n g le s  i s  n o t  s e n s i t i v e  to  th e  
p o s s ib le  s p in  p a r i t y  a s s ig n e m e n ts .



r e a c t i o n  /З а / ,  and  from  Eq. / 1 / ,  r e s p e c t iv e l y .  Then th e  e x p e c te d  v a lu e  o f  
y . w i l l  he <y; >= Апц + Bbq w here A and В a re  th e  c o n s ta n ts  to  he  d e te rm in ed ^  
and th e  p r o b a b i l i t y  t h a t  i n  th e  i - t h  c e l l  y j i s  o b se rv e d  in s te a d  o f < y j  > i s

< y  > 1  - < y  >
P, = -----=------- e

* i  1

A p p ly in g  th e  maximum l i k e l i h o o d  m ethod, A and В w ere d e te rm in e d .

U sing  th e  o b ta in e d  v a lu e s  o f th e  c o n s ta n t s ,  th e  r e a l  number o f  D D -even ts  
/NDD/  among- th e  e v e n ts  b e lo n g in g  to  subsam ple (c )  , /N (c)/ ,  and th u s  th e  mean 
f r e e  p a th  o f th e  DD p ro c e s s  i n  q u e s t io n  in  em u lsion , c a n  be o b ta in e d * . The 
c a l c u l a t i o n  was c a r r i e d  o u t f o r  th e  ~ 7  GeV/c m a te r i a l  as  w e ll* * . The r e s u l t s  
c a n  be  se e n  in  T ab le  I U .
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T ab le  I I I .

NCO A . В . rh ± N_„DD ^DD

1 7 ,2  GeV/c 175 255 ±  29 260 + 29 85,1 + 9,5 Cll5 + 15)m
~ 7  GeV/c 20 28,0 + 7 , 6 31,0 + 7 , 8 9,5 + 2,5 (1065 + 288)m

I t  i s  w o rth  to  m e n tio n , t h a t  i f  t h i s  s u b t r a c t io n  p ro c e d u re  i s  a p p l ie d  to  
a l l  th e  th re e  p ro n g  e v e n ts  th e  r e s u l t  f o r  e x c e l l e t l y  a g re e s  w ith  th e  
r e s u l t  shown i n  T ab le  I I I ,  w h ich  shows th e  r o l i a b l i t y  of th e  m ethod .

In  c a s e  o f  th e~ 7  GeV/c m a te r i a l  th e  r e s u l t  o f  a s e p a r a te  Monte C arlo  
c a l c u l a t i o n  c o r re s p o n d in g  to  t h i s  p rim a ry  en e rg y  was a p p l ie d .

XX
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The above v a lu e s  o f  Л ar e  w i th in  th e  i n t e r v a l  o b ta in e d  e a r l i e r  
[ 13 ] from  th e  same m a te r i a lx

C61 + 5)m < Add < ( ЗОО + 83)m
(555  + I 31)to < ADo7 GeV/ c < C 1600 + 800) m

The p o s s ib le  in f lu e n c e  o f  a ir-n->-np0i r  D eck-m echanism  [19] to  th e  sh ap e  
o f  th e  d i s t r i b u t i o n  o f c o n s e c u t iv e  a n g le s  was a l s o  i n v e s t i g a t e d ,  by  a s e p a r a t e  
Monte C a rlo  c a l c u l a t i o n  / s e e  A ppendix 3/«  The c a l c u l a t i o n  y ie ld e d  th e  
fo l lo w in g  r e s u l t s :  3
a .  /  O nly 10 % o f  th e  g e n e ra te d  e v e n ts  f u l f  i l l é s  th e  ^I^sinQ jfO , 44 c r i t e r i o n »
b .  /  The maximum o f th e  c o n s e c u t iv e  a z im u th a l angular"*’d i s t r i b u t i o n  o f  e v e n ts

f u l f i l l i n g  th e  У sinG , < 0 ,4 4  c r i t e r i o n  i s  a l i t t l e  s h i f t e d  to w ards lo w e r
i = 1

Ф - v a lu e s  com paring w ith  th e  d i s t r i b u t i o n  o f  DD p ro c e s s  / s e e  F i g . 5 a /
c .  /  The shape o f  th e  d i s t r i b u t i o n  o f e v e n ts  h av in g  ^ s in G .^ 0 ,4 4  i s  v e ry  '

d i f f e r e n t  from  th e  e x p e r im e n ta l ly  o b se rv ed  one / s e e  F ig . 5 h / .

I f  th e  sm a ll enhancem ents /h a tc h e d  a re a s  i n  F ig .  З а /  i n  th e  d i s t r i b u t i o n  
o f e v e n ts  b e lo n g in g  to  subsam ple ( b )  i n  th e  r e g io n s  120° .s Ф <, 150° and 
180° ^ Ф .< 210° a r e  supposed  to  be due to  Deck m echanism , th e n  th e  c o n t r i b u t i o n  
o f th e  Deck m echanism  / i n  c a s e  o f subsam ple (b) / c a n  be e s t im a te d  a s  s  10 % 
/w h ic h  c o rre sp o n d  to  < 17 e v e n t s /  and i t  i s  n e g l ib l e  f o r  th e  subsam ple ( c ) .

6 . D is c u s s io n  and c o n c lu s io n s

1 . /  A n a ly sin g  th e  c o n s e c u t iv e  a z im u th a l a n g u la r  d i s t r i b u t i o n  o f it_n 
i n t e r a c t i o n s  a t  1 7 ,2  GeV/ с ,  a z im u th a l a n is o t ro p y  was found f o r  th e  t.wo and
th r e e  prong e v e n t s .  At h ig h e r  m u l t i p l i c i t i e s  a z im u th a l  e f f e c t s  w ere n o t 
d e t e c te d .

x The lo w er l i m i t  was o b ta in e d  u s in g  s e l e c t i o n  c r i t e r i a
1 » Ng = = 0
2 , I s i n  < 0 ,4 4 ,

w h ile  f o r  th e  u p p e r l i m i t  th re e  more c r i t e r i a  w ere u sed :
3 , a l l  th e  t h r e e  p a r t i c l e s  have to  b e  i d e n t i f i e d  a s  p io n s .
4, a, * 200 MeV/ с ,  w here i s  th e  t r a n s v e r s e  momentum t r a n s f e r r e d

to  th e  n u c le u s ,
5 , £  E > 0 Í7 Eft, where E and Ej. Eire th e  t o t a l  e n e rg y  o f  th e  

p rim ary  a n d °o f  the  i - t h  p io n .
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2 .  /  As c o n c e rn s  th e  two p ro n g  e v e n ts  i t  was p o in te d  ou t t h a t  th e  
a n is o t r o p y  found  c a n  be p a r t l y  a t t r i b u t e d  to  k in e m a tic a l  e f f e c t s .

3 .  /  As c o n c e rs  th e  th re e  p rong  e v e n ts  th e  o b se rv e d  a n is o t ro p y  was 
found  to  be due to  DD p ro c e s s e s .

4 .  /  A new " s u b t r a c t i o n ” m ethod was fo u n d  f o r  th e  s e l e c t i o n  o f  DD- 
e v e n ts  from  a sam ple o f th re e  p ro n g  e v e n ts .  U sing  t h i s  method

*DDGeV/C = C1065 + 288) m and A ^ '2GeV/c = (  113 ±  13)m

were o b ta in e d  f o r  th e  mer- f r e e  p a th  o f D D -processes a t  ~7 and 1 7 »2 GeV/c 
p r im a ry  momenta.

5 .  /  S ince  i n  DD e v e n ts  t h e r e  i s  an  a z im u th a l a n i s o t r o p y ,  one can  assume 
t h a t  th e  a z im u th a l e f f e c t s  fo u n d  i n  cosm ic r a y  J e t s  /m a in iy  in  se c o n d a ry  
o n e s /  h a v in g  sm a ll number o f  h eav y  p rongs and show er p a r t i c l e s  / e . g .  r e f s .

[2 0 ] , [ 21] /  a re  p a r t l y  due to  DD p r o c e s s e s .  Thus i t  i s  d e s i r a b l e  to  s tu d y
s e p a r a t e ly  th e  a z im u th a l e f f e c t s  o f  DD and non-DD e v e n ts  in  th e  f u tu r e  
cosm ic r a y  w orks.

6 .  /  The ab sen ce  o f  a z im u th a l e f f e c t  a t  ch arg ed  m u l t i p l i c i t i e s  n > 3 
/ a p a r t  from  th e  D D -ev e n ts / can  be a t t r i b u t e d  to  th e  f o i lw in g  c a u se :

I n e l a s t i c  c h a n n e ls  o f  d i f f e r e n t  m u l t i p l i c i t y  a re  su p erim p o sed  a t  a  g iv e n  
number o f  ch a rg ed  p ro n g s  and t h i s  s u p e r p o s i t i o n  can  y i e l d  a n e a r ly  "random" 
d i s t r i b u t i o n  in  s p i t e  o f  th e  p o s s ib le  a z im u th a l e f f e c t s  i n  the s e p a r a te  
c h a n n e ls .

T h e re fo re  th e  p o s s i b i l i t y  o f  th e  p ro d u c t io n  o f f i r e b a l l s  a t  t h i s  
en erg y  i s  n o t n e c e s s a r i l y  r u le d  o u t .  /A s a  m a t te r  o f f a c t  f i r e b a l l s  
p ro d u c tio n  was d e te c te d  by e .g .  C .W .A kerlo f e t  a l .  [2 2 ] i n  p -p  c o l l i s i o n s . /

To g e t  more in fo rm a tio n  i n  t h i s  r e s p e c t ,  i t  seems to  be w o rth w ile  to  
i n v e s t i g a t e  a z im u th a l e f f e c t s  u s in g  th e  "m ethod o f c o n s e c u t iv e  a n g le s "  / o r  
an im proved , more s e n s i t i v e  m e th o d / i n  th e  s e p a r a te  i n e l a s t i c  c h a n n e ls ,  and to  
s tu d y  th e  a z im u th a l c o r r e l a t i o n s  be tw een  l i k e l y  and u n l i k e l y  ch arg ed  
s e c o n d a r ie s .

The a u th o rs  a r e  g r a t e f u l  to  D r. P . K i r á ly  f o r  h i s  c r i t i c a l  com m ents.
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F ig u re  c a p t io n s

F i g . l .  O bserved  and c a l c u la te d  from  e q . / 1 /  d i s t r i b u t i o n s  o f
c o n s e c u t iv e  a z im u th a l a n g le s  f o r  e v e n ts  h a v in g  d i f f e r e n t  
num bers / n > 2 /  o f  p ro n g s . The d o t te d  l i n e  in  ca se  o f  n=2 
c o r re s p o n d s  to  th e  Monte C a r lo  d i s t r i b u t i o n .

F i g . 2 . D i s t r i b u t io n s  o f c o n s e c u t iv e  a z im u th a l a n g le s
o b se rv e d  a . /  i n  r e a c t io n  / 2 а /  and 

b . /  i n  r e a c t io n  /2 Ъ / .
The d o t t e d  / —--------------- /  and th e  b ro k en  l i n e s
c o rre sp o n d  to  th e  Monte C a r lo  and th e  random  d i s t r i b u t i o n s  
r e s p e c t iv e l y .

F i g . J .  D i s t r ib u t io n s  o f  c o n s e c u t iv e  a z im u th a l a n g le s  f o r  t h r e e  prong
e v e n ts  b e lo n g in g
a /  to  subsam ples Ca) / d i s t r i b u t i o n  1 / ,  (b )  / d i s t r i b u t i o n  2 /  

and to  t h e i r  sum / d i s t r i b u t i o n  3 /  and 
о /  t o  subsam ple ( c ) .
The s t r a i g h t  l i n e s  c o rre sp o n d  to  th e  random  d i s t r i b u t i o n s .

F i g . 4 . D i s t r ib u t io n s  o f  c o n s e c u t iv e  a z im u th a l a p g le s  o b ta in e d  by th e  
s u b t r a c t io n  method / f u l l  l i n e / .  The d i s t r i b u t i o n s  drow n w ith
d o t te d  / ------------------- /  and b ro k e n  l i n e s  c o r re sp o n d
to  Monte C arlo  d i s t r i b u t i o n s  c a l c u la te d  f o r  D D - in te ra c t io n s  
o f ty p e s  / З а /  and /З Ь / .

F i g . 5 . Monte C a rlo  d i s t r i b u t i o n s  o f  c o n s e c u t iv e  a z im u th a l a n g le s  of 
th r e e  p rong  e v e n ts  c o r re s p o n d in g  to  Deck mechanism and 
a /  s a t i s f y i n g  th e  £ s in 0 . < 0 , 4 4  c r i t e r i o n

i  s 1  •**

Ъ / do n o t s a t i s f y i n g  th e  above c r i t e r i o n .
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P i g . 1 .
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F ig .  4
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A ppendix 1 .

The d i s t r i b u t i o n s  o f  c o n s e c u t iv e  a z im u th a l a n g le s  w ere c a l c u l a t e d  
f o r  redaction  c h a n n e ls  ,

p i r - TT°
1

р т г 2 7T0

р т г Зтт 0

ПТГ+ 1Г-

m r + 1Г- 7T°

n ir+ 7Г 2ir*

ш т+ IT' Зтт

s e p a r a t e ly  by g e n e ra t in g  th e s e  ty p e s  o f  many body f i n a l  s t a t e s  su p p o sin g  
a  u n ifo rm  d i s t r i b u t i o n  i n  th e  phase s p a c e ;  i . e .  su p p o sin g  a c o n s ta n t  
t r a n s i t i o n  m a tr ix  e lem en t / f o r  th e  d e t a i l e s  o f th e  program m ing o f  t h i s  
c a l c u l a t i o n  se e  i n  r e f .  [ 25 , ] / «  The r e s u l t  o f  th e s e  Monte C a rlo  d i s t r i b u 
t i o n s  can  be s e e n  in  F ig .  A l.

These d i s t r i b u t i o n s  w ere summed up u s in g  th e  m easured p r o p o r t io n s  
[2 4 ] o f th e  above r e a c t i o n  c h a n n e ls  a s  w e ig h tin g  f a c t o r s .  D i s t r i b u t io n s  

th u s  o b ta in e d  a re  com pared w ith  th e  e x p e r im e n ta l  ones i n  F ig s ,  l a ,  2a and
2b .

R e a c tio n  c h a n n e ls  w ith  more th e n  Зтг° w ere n o t c a l c u la te d  s in c e  t h e i r  
r e l a t i v e  o ccu re n ce  a re  v e ry  sm a ll [2 4 ].

x
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J i g . A I. M ente C arlo, d i s t r i b u t i o n s  o f  c o n s e c u t iv e  a z im u th a l a n g le s  
c a l c u la te d  f o r  r e a c t io n s  тг-р -► p1T- ( ктт°) k = l , 2 ,3  and 
Tr*р-*-птТгг̂ с' ттс) k*=0 , 1 , 2 ,3  .
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A ppendix 2 .

A d i s t i n c t  Monte C a rlo  program  was w r i t t e n  f o r  th e  g e n e r a t io n  o f  
c o h e re n t  e v e n ts  u s in g  th e  k in e m a tic s  o f  c o h e re n t  p r o d u c t io n .  The m ethod o f  
g e n e r a t io n  was th e  fo llo w in g .  A v a lu e  f o r  th e  e f f e c t i v e  mass /Мх /  o f  th e  
c o h e r e n t ly  p roduced  system  was random ly ch o sen  from  th e  e x p e r im e n ta l ly  
m easured  d i s t r i b u t i o n  g iv e n  in  r e f .  • The momentum, t r a n s f e r r e d  to  th e
t a r g e t  n u c leu s  / i n  our c a se  to  a c a rb o n  n u c le u s /  was c a l c u la te d  by ch o o sin g
random t r t r a n s v e r s e  momentum from  th e  d i s t r i b u t i o n

f  (Ча ) dq i  =

r

<
4 i i f

О
к.

i f  q 2 >

2 0 0  M e V / c

2 0 0  M e V / c

The lo n g i tu d in a l  component o f  t h i s  momentum was d e te rm in e d  by th e  u se  o f 
th e  fo rm u la

q.. *i
M . +  p  

А О

2МЯР„ A о

M* -  m_

2 P

w here i s  th e  mass o f th e  n u c le u s  and P Q i s  th e  p r im a ry  momentum in  th e  
l a b o r a to r y  sy s tem . /T hey  w ere s e t  e q u a l w ith  12 and 1 7 s2 GeV/ с  r e s p e c t iv e l y . /

Then th e  momenta and th e  a z im u th a l a n g le s  o f th e  th re e  p io n s  w ere 
c a l e u la te d  in  th e  la b o r a to r y  system  assum ing  th a t  c o h e r e n t ly  p ro d u ced  
XM* system  decays i n  i t s  r e s t  system  a s

XM„ -*■ p < V  •+ тг+тГтг-  /1 /

V  / 11 /

To ta k e  i n t o  acco u n t th e  p o s s ib le  s p in  e f f e c t s ,  a  f u r t h e r  c a l u l a t i o n  
was made f o r  r e a c t i o n  / i / ,  i n  w hich th e  e x p e r im e n ta l ly  m easured  d i s t r i b u t i o n  
[26] o f  th e  d i r e c t i o n  o f th e  norm al o f  th e  decay  p la n e  i n  th e  r e s t  
sy stem  was u s e d . /T h ese  d i s t r i b u t i o n s  c a n  be a t t r i b u t e d  to  th e  p o s s ib le  
1+ or. 2~ s p i n - p a r i t y  a s s ig n e m e n ts  f o r  th e  p roduced  s y s t e m . /

The r e s u l t s  o f  th e  above c a l c u l a t i o n s  can  be s e e n  in  F ig .  A2.
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N

F ig , A2. Monte C a rlo  d i s t r i b u t i o n s  o f c o n s e c u t iv e  a z im u th a l a n g le s
o f D D -events o f  ty p e s  a /  t\-JT -*■ jTtt+ тг- тг- 

and Ъ / тг-у -*■ У р °1т-
D i s t r i b u t io n s  drown w ith  f u l l  and d o t te d  l i n e s  c o rre sp o n d  to  
c a l c u l a t i o n s ,  in c lu d in g  and n e g le c t in g  s p i n - e f f e c t s ,  
r e s p e c t iv e l y .



A ppendix 3

In  o rd e r  to  see  th e  e f f e c t  due to  a r n  •+■ np°ir" Deck mechanism
[ 1 9 ]» J?he d i s t r i b u t i o n  o f  c o n s e c u t iv e  a z im u th a l a n g le s  was c a l c u la te d  by 
Monte C arlo  m ethod . The c a l c u l a t i o n  was c a r r i e d  o u t by i n t e g r a t i n g  th e  
Deck m a tr ix  e le m e n t on th e  пртт phase sp a c e  w ith  a v a lu e  o f  th e  d i f f r a c t i o n  
peak  p a ram e te r  k=9 G eV  .  The m a tr ix  e le m e n t c o rre sp o n d in g  to  th e  g raph  
i n  F ig .  A3, can  he w r i t t e n  a s :

|M I ■
2 -K ta) e

(* -  Ш2 ) 2 IT'

w here ü)2= (q ]+q2) 2 , t  = ( q ^ p ^ 2 , A = (q 3~p2) 2 and th e  sym bols q , t ,  A 
c o rre sp o n d  to  th e  n o ta t io n s  o f  F ig .  A3»

F i g .A3. G raph c o rre sp o n d in g  to  th e  Deck mechanism in  t h e n - n  — np0*- 
r e a c t i o n .  p ^ ,p 2 ,q ^ ,g 2 , q 3 , д and t  a r e  th e  fo u r  momenta 
in v o lv e d  in  th e  i n t e r a c t i o n .
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