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A b s t r a c t :  ' r h e  l o n g i t u d i n a l  p h a s e - s p a c e  a n a l y s i s  i s  a p p l i e d  to v a r i o u s  t h r e e - b o d y  f i -  
na l  s t a t e s  of  m e s o n - n u c l e o n  c o l l i s i o n s  at  5 - 1 6  G e V / c  p r i m a r y  m o n l e n t , u m .  The 
d i s t r i b u t i o n s  of the  a n g l e  co :along the  h e x a g o n a l  p h a s e  s p a c e  plot  and  the  d e p e n d -  
ell(~(. ~ o f  t l v e r t i g e  t , r a n s v e r s c  I l l o n l e n t a  on co a r c  i n v e s t i g a t e d  in s o m e  d e t a i l .  F F o n l  

the  v e r y  r i c h  s t r u c t u r e  of tilt! co d i s t r i b u t i o n s  it is p o s s i b l e  to c o n c l u d e  that-, w h e n -  
e v e r  ,a l lowed,  tile d i f f r : lc t , ion m e c h ' m i s n l  ( s i ng l e  P o m c r { m c h u k  e x c h a n g e )  d o m i -  
n a t e s  the  t h r e e - b o d y  r e a c t i o n s  tit h igh  e n e r g y .  T h e  s t u d y  of the  t r a n s v e r s e  m o -  
. n e n t u n l  d is t , r i l )u t , ions  r e v e a l s  the  e x i s t e n c e  of s t r o n g  c o r r e l a t i o n s  b e t w e e n  l o n g i -  
t ud ina l  and  t , r a n s v e r s e  m o m e n t a  w h i c h  cannot- be e x p l a i n e d  by p h a s e - s p a c e  e f f e c t s .  
Se ine  c o n s e q u e n c e s  of o u r  a n . d y s i s  fo r  the  l { e g g e - e x c h a n g c  m o d e l s  a r e  b r i e f l y  
nlent ionnd. 

1. INTRODUCTION 

The  p r e s e n t  paper  a p p l i e s  the m e t h o d  of longi tudinal  phase  s p a c e  p l o t s ,  
as  p r e s e n t e d  in our p r e v i o u s  paper  i', to v a r i o u s  t h r e e - p a r t i c l e  f inal  s t a t e s  
of ~p and Kp c o l l i s i o n s .  We have  s tud ied  the f o l l o w i n g  r e a c t i o n s :  

(a) r,+p - , 7r+rr°p , at 8 G e V / c ,  

(b) 7r+p 7r+Tr+n , at 8 G e V / c ,  

(c) K-p  --  K°r , -p ,  at 10 G e V / c ,  

On l e a v e  of a l )se .nee fron~ I n s t i t u t e  of  P h y s i c s .  J a g n l l o n i a n  U n i v e r s i t y  and  I n s t i -  
t u t e  of N u c l e a r  P h y s i c s .  K r a k o w .  

"* ()n l e a v e  of a l ) s e n c e  f r o m  I n s t i t u t e  of  Nuc l e ' { r  l'~.(~se{~.t'ch, lxral-zow. 
*~* CEB, N f e l l ow  f r o m  the  I n s t i t u t e  ft ir  l l o c h e n e r g i c p h y s i k  d e r  { S s t e r e i n h i s c h e n  A k a -  

d e m i c  d e r  W i s s e n s e h a f t , e n .  V i e n n a .  
J: On l e a v e  of a b s e n c e  f r o m  I n s t i t u t e  of  T h e o r e t i c a l  P h y s i c s .  W a r s a w  l n i v e r s i t , y .  

W a r s a w .  
On  l e a v e  of abse,  nce  f r o m  D e p a r t m e n t  of  N u c l e a r  P h y s i c s .  V n i v e r s i t , y  of  H e l s i n k i ,  
l l e l s i n k i .  

J- Ref .  [11, h e r e a f t e r  r e f e r r e d  to a s  I. 
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- * 0  +_ 
(d) K+p - '  K890~ p , at 5 G e V / c  , 

- * +  0--  (e) K+p ~ K890n p , at 5 G e V / c  , 

(f) K+p ~ K°~+p , at  5 G e V / c  , 

(g) n+p ~ n+n-N *++ , at 8 G e V / c  , 

(h) n - p  ~ n - n - N  *++ , at 16 G e V / c  , 

(i) K+p ~ K+n-N *++ , at  5 G e V / c  , 

(j) K+p ~ K°Tr°N *++ , at 5 G e V / c  , 

at  the lab  m o m e n t a  ind ica ted .  F o r  each of t hem,  c o n s i d e r a b l e  s t a t i s t i c s  
was a v a i l a b l e  f r o m  r e c e n t  bubble  c h a m b e r  e x p e r i m e n t s  c a r r i e d  out by the 
A a c h e n - B e r l i n - C E R N ,  A a c h e n - B e r l i n - C E R N - L o n d o n  ( I .C . ) -V ienna ,  Aachen-  
B e r l i n - B o n n - C E R N - H e i d e l b e r g  and  C E R N - B r u s s e l s  c o l l a b o r a t i o n s  ~t. 

We r e c a l l  b r i e f l y  the de f in i t i on  of l ong i tud ina l  phase  spa c e  (LPS) p lo t s  
for  t h r e e - p a r t i c l e  f ina l  s t a t e s ;  d e t a i l s  a r e  found in I. The  c .m.  long i tud ina l  
m o m e n t a  of the f inal  p a r t i c l e s  be ing  ql ,  q2, q3, each event  is  r e p r e s e n t e d  
by a point  P in the p l ane  of fig. 1, with d i s t a n c e s  q i  to the t h r e e  l i n e s  qi  = 0 
( these  l i n e s  cut each o the r  at a n g l e s  of 60o). E v e n t s  with qi  pos i t i ve  (nega-  
t ive)  a r e  p lo t ted  on the s ide  of the qi  = 0 l i n e s  m a r k e d  + (-).  H e r e  qi  is 
t aken  pos i t i ve  (negat ive)  for  a p a r t i c l e  mov ing  in the f o r w a r d  (backward)  
h e m i s p h e r e  of the c .m.  s y s t e m ,  the f o r w a r d  d i r e c t i o n  be ing  by de f in i t ion  
the d i r e c t i o n  of mo t ion  of the inc iden t  b e a m  p a r t i c l e s .  An i m p o r t a n t  v a r i -  
ab le  c h a r a c t e r i z i n g  each  even t  in the LPS plot is  the po l a r  ang le  ~0. As in-  
d i ca t ed  in fig. 1, it i s  coun ted  c o u n t e r - c l o c k w i s e  f r o m  the l ine  q l  = 0. Be-  

P q3 
q2 // x~k-- 

q l  
:0 

~ ~ . - q 2  =0 

- ¢ 

q3=O 
Fig. 1. The hexagonal plot. 

~f We used data from the following experiments:  K~p at 5 GeV/c, CERN-Brussels 
collaboration; g+p at 8 GeV/c, Aachen-Berlin-C ERN collaboration; K-p at 10 
GeV/c, Aaehen-Berl in-C ERN-London ([.C.)-Vienna collaboration; n-p  at 16 
G e V / c ,  Aachen-Berl in-Bonn-CERN-Heidelberg collaboration. 
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c a u s e  a l l  t r a n s v e r s e  m o m e n t a  of f ina l  p a r t i c l e s  r e m a i n  s m a l l  a t  h igh  e n e r -  
gy,  the  s i n g l e  a n g l e  w e s s e n t i a l l y  d e t e r m i n e s  the  c o m p l e t e  l o n g i t u d i n a l  
c o n f i g u r a t i o n  of an even t  ( s e e  f i g s .  3 and  4 of I). 

As  shown in t he  fo l l owing  s e c t i o n s ,  the  L P S  a n a l y s i s  of r e a c t i o n s  (a ) - ( j )  
r e v e a l s  two s t r i k i n g  q u a l i t a t i v e  f e a t u r e s .  The  f i r s t  i s  the  o c c u r r e n c e  of 
p r o n o u n c e d  m a x i m a  in the  co d i s t r i b u t i o n  of e v e n t s  fo r  the  r e a c t i o n s  w h e r e  
P o m e r a n c h u k  e x c h a n g e  ( i . e . ,  d i f f r a c t i o n  d i s s o c i a t i o n )  is  a l l o w e d ,  and  t h e i r  
a b s e n c e  when such  e x c h a n g e  i s  f o r b i d d e n  by i n t e r n a l  q u a n t u m  n u m b e r  con-  
s e r v a t i o n  o r  is  s u p p r e s s e d  by p a r i t y  c o n s i d e r a t i o n s  ( s ec t .  2). The  s e c o n d  
f e a t u r e  e m e r g i n g  f r o m  the  L P S  a n a l y s i s  i s  the  o c c u r r e n c e  of c o r r e l a t i o n s  
b e t w e e n  the  t r a n s v e r s e  m o m e n t a  and the  v a l u e  of co. T h e s e  c o r r e l a t i o n s  
a p p e a r  to be s t r o n g  when the  co d i s t r i b u t i o n  h a s  s h a r p  m a x i m a  ( s ec t .  3). 

We do not a t t e m p t  to fi t  the  r e s u l t s  of the  L P S  a n a l y s i s  by m e a n s  of the  
d y n a m i c a l  m o d e l s  now c o m m o n l y  u s e d  fo r  d e s c r i p t i o n  of t h r e e - b o d y  f ina l  
s t a t e s ,  l i k e  the  doub le  R e g g e  m o d e l  ~ o r  d i f f r a c t i o n  d i s s o c i a t i o n  m o d e l s  
[3, 4]. Our  t h e o r e t i c a l  c o n s i d e r a t i o u s  a r e  l i m i t e d  to a few g e n e r a l  r e m a r k s .  
The  m a i n  one c o n c e r n s  the  f ac t ,  c l e a r l y  shown by the da t a ,  tha t  the  doub le  
Regge  m o d e l  canno t  be  r e g a r d e d  a s  a n a t u r a l  t h e o r e t i c a l  s t a r t i n g  po in t  fo r  
the  d e s c r i p t i o n  of t h r e e - p a r t i c l e  f ina l  s t a t e s .  Indeed ,  the  co d i s t r i b u t i o n s  
a r e  found to have  t h e i r  m a x i m a  w h e r e  one of the  t h r e e  t w o - p a r t i c l e  sub -  
e n e r g i e s  r e a c h e s  i t s  m i n i m u m ,  i . e . ,  in the  r e g i o n  of s i n g l e  r e g g e i z a t i o n .  
A doub le  R e g g e  d e s c r i p t i o n  can  t h e r e f o r e  only be  c o r r e c t  if it p o s s e s s e s  
ful l  d u a l i t y ,  i . e . ,  if it g i v e s  a p r e c i s e  p a r a m e t r i z a t i o n  of the  c o r r e s p o n d i n g  
t w o - p a r t i c l e  s u b s y s t e m s  even  at  t h e i r  l o w e s t  s u b e n e r g y .  N e e d l e s s  to s ay ,  
no e x i s t i n g  Regge  p a r a m e t r i z a t i o n  s a t i s f i e s  t h i s  p r o p e r t y .  T h i s  l e a d s  us  to 
e x p e c t  tha t  t h r e e - p a r t i c l e  f ina l  s t a t e s  of h igh  e n e r g y  h a d r o n  c o l l i s i o n s  wi l l  
be  an e x c e l l e n t  t e s t i n g  g r o u n d  fo r  V e n e z i a n o  m o d e l s  ( s e c t .  4). 

2. DISTRIBUTIONS ALONG THE HEXAGON 

We have  c o n s t r u c t e d  the  L P S  p l o t s  of a l l  r e a c t i o n s  (a ) - ( j )  l i s t e d  in s e c t .  1 
Two e x a m p l e s  fo r  r e a c t i o n s  (a) and  (h) a r e  g iven  in f igs .  3 and 4 of I. A l l  
ten  L P S  p l o t s  have  in c o m m o n  two c h a r a c t e r i s t i c  f e a t u r e s  c l e a r l y  s e e n  in 
t h e s e  f i g u r e s .  One i s  the  c o n c e n t r a t i o n  of e v e n t s  n e a r  the  k i n e m a t i c a l  
b o r d e r  of the  p lo t ,  r e s u l t i n g  f r o m  the  s m a l l n e s s  of a l l  t r a n s v e r s e  m o m e n -  
ta .  The  o t h e r  is  the  s c a r c i t y  of e v e n t s  in which  the  f ina l  b a r y o n  h a s  i t s  c . m .  
l o n g i t u d i n a l  m o m e n t u m  q p o s i t i v e ,  i . e . ,  m o v e s  in the  f o r w a r d  h e m i s p h e r e  
in the  c . m .  s y s t e m .  In f ac t ,  the  a v a i l a b l e  s t a t i s t i c s  i s  such  tha t  we r e s t r i c t  
ou r  d i s c u s s i o n  to  e v e n t s  f o r  which  the  b a r y o n  h a s  q < 0. F o r  a l l  r e a c t i o n s ,  
we a l l o c a t e  the  v a r i a b l e s  q l ,  q2, q3 to the  t h r e e  ou tgo ing  p a r t i c l e s  in the  
o r d e r  in which  they  a r e  l i s t e d  in s e c t .  1 and  in f i g s .  2 -5  T. H e n c e  q3 r e -  
f e r s  a l w a y s  to  the  b a r y o n  and the a b o v e  r e s t r i c t i o n  to q3 < 0 m e a n s ,  a s  
s e e n  on f ig.  1, tha t  we l i m i t  the  a n g l e  w to the  i n t e r v a l  

60 ° <  w <  240 ° .  (1) 

For  recent reviews of the status o f t l / e  mult iper iphera l  models, see e.g. ref. [2]. 
In all  f igures longitudinal c. m. momenta a re  denoted by p~. 
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Fig. 2. Experimental distribution of the angle co along tile hexagon for the reactions 
(a)-( f i .  

An add i t iona l  r e s t r i c t i o n  on co o c c u r s  fo r  r e a c t i o n s  (b) and (h), w h e r e  
the  two outgoing  p ions  a r e  i den t i ca l .  Al l  e v e n t s  can h e r e  be p lo t t ed  in the 
uppe r  ha l f  of the  L P S  plot .  Us ing  the  r e s t r i c t i o n  (1), we t h e r e f o r e  ob ta in  
the  a n g u l a r  i n t e r v a l  

60 ° < u~ .: 150 ° . (2) 

In th i s  r e g i o n  q l  > q2, and we ca l l  ~f(~s) the pion of c . m .  l ong i tud ina l  m o -  
m e n t u m  ql (q2) .  T h e  index  r e f e r s  to f a s t  (slow) in the  lab s y s t e m .  One has  
now a l s o  i q l  I " i q2 , so that  the c . m .  v e l o c i t y  is l a r g e r  in a b s o l u t e  va lue  
fo r  nf than fo r  n s. 

F igs .  2 and 3 g ive  the w d i s t r i b u t i o n s  of e v e n t s  fo r  the  ten  r e a c t i o n s  
c o n s i d e r e d .  In o r d e r  to a s s e s s  the i n f luence  of the p h a s e  space  dens i t y  f ac -  
t o r  in t h e s e  d i s t r i b u t i o n s ,  we have  r e p l o t t e d  t h e m  in f igs .  4 and 5, g iv ing  
to each  even t  the weight  D~  1 w h e r e  D R is the dens i ty  f a c t o r  g iven  in sec t .  3 
of I ( s ee  f igs .  7 of I f o r  an e x a m p l e  of the w d e p e n d e n c e  of D R at f ixed  
t r a n s v e r s e  m o m e n t a ) .  T h i s  func t ion  is e a s i l y  c a l c u l a t e d  f r o m  the m e a s u r e d  
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(g) - (.i). 

momenta of each event. In terms of the (unknown) invariant matrix element 
M for the process, the ordinary co distributions of figs. 2 and 3 are given by 

3 3 
_ ~ r i )  [~ 'd  2 r i  (3) dNdw f 'M 2 DR 5 2 (  1 1 

w h e r e  the  r i a r e  the  t r a n s v e r s e  m o m e n t a  of the  ou tgo ing  p a r t i c l e s .  T h e  
w e i g h t e d  d i s t r i b u t i o n s  of f igs .  4 and  5, on the  o t h e r  hand,  a r e  g iven  by the  
e q u a t i o n  

dw - f '~I 12 52 r i )  [ ~ d 2  r i  (4) 
1 1 

and r e f l e c t  m o r e  d i r e c t l y  the  p r o p e r t i e s  of the  m a t r i x  e l e m e n t .  The  m a i n  
d i f f e r e n c e  b e t w e e n  the  w e i g h t e d  and unwe ig h t e d  d i s t r i b u t i o n s  i s  a r e l a t i v e  
l o w e r i n g  of the  f o r m e r  wi th  r e s p e c t  to the  l a t t e r  in the  r e g i o n s  of p h a s e  
s p a c e  w h e r e  one p ion  h a s  s m a l l  c . m .  e n e r g y .  T h e s e  a r e  the  r e g i o n s  w h e r e  
D R has  m a x i m a .  T h e y  c o r r e s p o n d  to co ~ 120 ° fo r  a l l  r e a c t i o n s  c o n s i d e r e d ,  
and  to co ~- 180 ° f o r  r e a c t i o n s  (a) and  (g). The  f i g u r e s  show that  the  
w e i g h t e d  d i s t r i b u t i o n s ,  wh i l e  s t i l l  hav ing  m a r k e d  s t r u c t u r e s  in co, a r e  
s m o o t h e r  than  the  unwe igh t ed  ones  n e a r  the  s p e c i a l  w v a l u e s  m e n t i o n e d ,  
i n d i c a t i n g  tha t  ],ll 2 i s  t h e r e  s m o o t h e r  than  D R. 

It i s  c l e a r  t ha t  e r r o r  e s t i m a t e s  a r e  l e s s  s t r a i g h t f o r w a r d  fo r  d ~ " / d w  than  
fo r  d N / d w  w h e r e  the  n u m b e r  of e v e n t s  p e r  w b in  g i v e s  d i r e c t l y  the  m a i n  
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Fig. 4. Expe r imen ta l  distr i l )ut ion of the angle co along the hexagon for the react ions  
( a ) - ( f ) ,  weighted by the longitudinal phase space.  

p a r t  of  t h e  e r r o r .  A w a y  f r o m  the  s p e c i a l  a n g l e s  m e n t i o n e d  a b o v e ,  h o w e v e r ,  
D R v a r i e s  r a t h e r  l i t t l e  i n s i d e  a b i n  (a t y p i c a l  r a n g e  w o u l d  be  30%), so  tha t  
t h e  r e l a t i v e  e r r o r  on d N ' / d ~ o  w i l l  be  a b o u t  t he  s a m e  a s  f o r  4N/dw. At t h e  
s p e c i a l  a n g l e s ,  t he  r e l a t i v e  e r r o r  on dN'/dw c a n  be  r o u g h l y  e s t i m a t e d  by  
i n t e r p o l a t i o n  f r o m  n e i g h b o u r i n g  w v a l u e s ,  and  i t  i s  l a r g e r  t h a n  t h e  r e l a t i v e  
e r r o r  on d~5/dw. 

T h e  i n c l u s i o n  o r  e x c l u s i o n  of t h e  m o s t  i m p o r t a n t  r e s o n a n c e s  in t h e  v a r i -  
ous  ¢o d i s t r i b u t i o n s  i s  i n d i c a t e d  in t h e  f i g u r e s .  E x c l u s i o n  of a r e s o n a n c e  
m e a n s  t h a t  o n e  r e j e c t s  a l l  e v e n t s  w i t h  t h e  c o r r e s p o n d i n g  e f f e c t i v e  m a s s  in 
t h e  f o l l o w i n g  i n t e r v a l s :  

P 

f 

N* 

K*(890)  

: 0 . 6 6 < M ( n y )  < 0 . 8 6 G e V  , 

: 1.15 < M ( n g )  < 1 . 3 5 G e V ,  

: 1.12 < M ( p g )  < 1.34 G e V ,  

: 0 .82  < M(Kn)  < 0 .96  G e V  , 

K*(1400)  : 1.33 < M(K~)  < 1.51 G e V  . (5) 
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I.ig. 5. Experimental  distr ibution of the angle w along the hexagon for the react ions 
(g) - (j), weighted by the longitudinal phase space. 

We p r o c e e d  to  d i s c u s s  the  p o s s i b l e  m e a n i n g  of the  s t r o n g  s t r u c t u r e s  
p r e s e n t  in the  o) d i s t r i b u t i o n s ,  and  do t h i s  on the  w e i g h t e d  d i s t r i b u t i o n s  
d N ' / d w  e x c l u d i n g  r e s o n a n c e s ,  in o r d e r  to  e l i m i n a t e  e f f e c t s  of p h a s e  s p a c e  
and  of t w o - b o d y  c o l l i s i o n s .  E x a m i n a t i o n  of f ig.  4 r e v e a l s  tha t  the  w e i g h t e d  
w d i s t r i b u t i o n  has  one l a r g e  and  b r o a d  b u m p  for  r e a c t i o n s  (a), (b), (d) and  
(e),  w h e r e a s  it h a s  one b r o a d  but  w e a k e r  b u m p  for  (c) and  (f). The  b u m p s  
a r e  c l e a r l y  l o c a l i z e d  in the  i n t e r v a l  60 ° < co ~< 120 ° fo r  (a) and (b), and  in 
the  i n t e r v a l  120 ° < ¢o < 180 ° fo r  the  o t h e r  fou r  r e a c t i o n s .  

T h e s e  f a c t s  can  be  r e a d i l y  u n d e r s t o o d  if we a s s u m e  tha t  the  d o m i n a n t  
m e c h a n i s m  in p r o d u c i n g  ou r  f ina l  s t a t e s  i s  d i f f r a c t i o n  d i s s o c i a t i o n ,  i . e . ,  
P o m e r a n c h u k  o r  P e x c h a n g e  in R e g g e  t e r m i n o l o g y .  Indeed ,  P e x c h a n g e  i s  
fu l ly  a l l o w e d  in r e a c t i o n s  (a), (b), (d) and  (e) fo l lowing  d i a g r a m  (A) fo r  the  
two f o r m e r  ones  and  d i a g r a m  (B) fo r  the  l a t t e r  ones  ( s e e  fig.  6, the  num-  
b e r s  l a b e l  the  ou tgo ing  p a r t i c l e s  in the  o r d e r  in which  they  a r e  m e n t i o n e d  
in f ig.  4). In c o n t r a s t ,  P e x c h a n g e  is  s u p p r e s s e d  fo r  r e a c t i o n s  (c) and (f); 
a l t h o u g h  c o n s e r v a t i o n  of i n t e r n a l  q u a n t u m  n u m b e r s  would  a l l o w  it to p r o -  
c e e d  t h r o u g h  d i a g r a m  (B), i t  m u s t  be r e d u c e d  by the  f ac t  tha t  the  s u b s y s -  
t e m  of p a r t i c l e s  1 and  2 has  n a t u r a l  p a r i t y  w h e r e a s  the  i n c o m i n g  kaon  i s  
p s e u d o s c a l a r  [5, 6]. D i a g r a m  (A) o b v i o u s l y  i m p l i e s  a s m a l l  s u b e n e r g y  s~3 
fo r  p a r t i c l e s  2 and 3, and  i ndeed  r e a c t i o n s  (a) and  (b) p e a k  fo r  
60 ° < w £ 120 ° w h e r e  t h i s  s u b e n e r g y  is  m i n i m u m  ( s e e  f ig.  8 of I). S i m i l a r -  
ly ,  d i a g r a m  (B) i m p l i e s  tha t  1 and 2 have  a s m a l l  s u b e n e r g y  s{2 , a g a i n  in 
a g r e e m e n t  wi th  the  l o c a t i o n  of the  b u m p  of r e a c t i o n s  (d) and  (e) in the  in-  
t e r v a l  120 ° < w < 180 o. As  to  r e a c t i o n s  (c) and  (f), they  cou ld  be  e x p l a i n e d  
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IT . 2 

2 
P 

P/ (B) ~ 3  p (C) 3 

Fig. 6. Exchange d i a g r a m s  giving the m a i n  contr i l )ut ions to the p r o c e s s e s  d i s c u s s e d  

in t h i s  p a p e r .  

by an exchange  effect  of the type  d e s c r i b e d  by d i a g r a m  (C) in fig. 6, where  
M is a m e s o n  or  P o m e r a n c h u k  cut [5] and where  s12 t akes  s m a l l  va lues .  

Going  over  to the r e a c t i o n s  p r o d u c i n g  N *++, for which the wcighted  w 
d i s t r i b u t i o n s  a r e  g iven  in fig. 5, we see  that  F exchange  fo l lowing d i a g r a m  
(A) s e e m s  to d o m i n a t e  r e a c t i o n s  (g) and (h) in about  the s a m e  way as  it does  
for  (a) and (b). The bump  is  l e s s  p r o n o u n c e d ,  however ,  and it is sh i f ted  
s o m e w h a t  to the r igh t  in the c a s e  of (g). The  f o r m e r  effect  s u g g e s t s  that  a 
n o n - d i f f r a c t i v e  m e c h a n i s m  p lays  a b i g g e r  ro le ,  the obvious  cand ida te  be ing  
aga in  d e s c r i b e d  by the d i a g r a m  (C) in fig. 6, where  now M is an  I = 1 m e s -  
on, p r e s u m a b l y  a pion.  Th i s  d i a g r a m  can be r e g a r d e d  as  an e x t e n s i o n  of 
d i a g r a m  (A) into the r e g i o n  of s m a l l  s12 , i . e . ,  for 120 ° < w < 180 ° . The  
shif t  of the bump to the r igh t  for  r e a c t i o n  (g) may  be due to the i m p o r t a n c e  
of the c o n t r i b u t i o n  of d i a g r a m  (C). It wil l  a l so  r e s u l t  pa r t l y  f r o m  a pu re ly  
k i n e m a t i c  effect ,  n a m e l y  that  the h ighe r  m a s s  of N* sh i f t s  to the r ight  the 
w m e s o n  r eg ion  whe re  s23 is  s m a l l .  Both ef fec ts  should  d e c r e a s e  at h ighe r  
i nc iden t  e n e r g y ,  and indeed the bump  in the weighted w d i s t r i b u t i o n  of the 
16 G e V / c  r e a c t i o n  (h) is aga in  well  on the left  of ~ = 120 °. 

F o r  the 5 GeV/c r e a c t i o n s  (i) and (j), while  the l a t t e r  does not a l low P 
exchange  and is l ike ly  to be d o m i n a t e d  by d i a g r a m  (C), the t w o - p e a k  s t r u c -  
t u r e  of the f o r m e r  is m o r e  puzz l i ng  and an i n t e r p r e t a t i o n  is ha rd  to give 
without  i n f o r m a t i o n  at h ighe r  ene rgy .  The  left  peak in fig. 5i may be well  
due to P exchange  which is  ful ly  a l lowed;  the l o w - i n c i d e n t  e n e r g y  would then  
be r e s p o n s i b l e  for the fact that it is weak and is shi f ted  even m o r e  to the 
r igh t  than for  r e a c t i o n  (g). The  second  peak n e a r  w = 160 ° could p r e s u m a -  
bly o r i g i n a t e  f r o m  d i a g r a m  (C). If th i s  i n t e r p r e t a t i o n  is c o r r e c t ,  the s a m e  
r c a c t i o n  at h ighe r  i nc iden t  e n e r g y  should  show an w d i s t r i b u t i o n  m o r e  s i m -  
i l a r  to the one of r e a c t i o n  (g), a l though it should be kept in mind  that the 
KPK v e r t e x  is w e a k e r  than the n P n  one in the r a t i o  of the tota l  Kp and ~p 
c r o s s  s e c t i o n s .  

The  above i n t e r p r e t a t i o n  of the d o m i n a n t  s t r u c t u r e s  in the d i s t r i b u t i o n s  
can and should  be t e s t ed  in many  ways.  We l i m i t  o u r s e l v e s  to m e n t i o n i n g  a 
few l i ne s  of work,  and e x p r e s s  the hope that  the i n f o r m a t i o n  con ta ined  in 
e x i s t i n g  bubble  c h a m b e r  data  for o the r  t h r e e - p a r t i c l e  r e a c t i o n s  will  a l so  be 
explo i ted  for th i s  p u r p o s e .  The  ener~,ny i ndependence  of c r o s s  s e c t i o n s  
d o m i n a t e d  by P exchange  can obv ious ly  be t e s t ed  by c o m p a r i n g  the app rop -  
r i a t e  co i n t e r v a l s  for  the s a m e  r e a c t i o n  at v a r i o u s  e n e r g i e s .  Outs ide  of the 
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co i n t e r v a l s  w h e r e  P e x c h a n g e  d o m i n a t e s ,  c r o s s  s e c t i o n s  s h o u l d  d e c r e a s e  
w i t h  e n e r g y ,  g i v i n g  i n d i c a t i o n s  on t h e  e x c h a n g e  m e c h a n i s m s  w h i c h  a r e  
t h e r e  in o p e r a t i o n ;  t h e y  w o u l d  p r e s u m a b l y  c o r r e s p o n d  to  l o w e r  l y i n g  R e g g e  
t r a j e c t o r i e s .  F o l l o w i n g  S a t z  [7],  t h e  f ac t  tha t  P e x c h a n g e  c a r r i e s  i s o s p i n  
z e r o  a l l o w s  to  c o m p a r e  t h e  r a t e s  of c e r t a i n  r e a c t i o n s .  T h u s ,  r e a c t i o n s  (a) 
and  (b) m u s t  be  in t h e  r a t i o  1 to 2 if  t h e y  a r e  c o m p l e t e l y  d e s c r i b e d  by d i a -  
g r a m  (A) of f ig .  6. W h i l e  f ig .  4a  s h o w s  tha t  t h i s  s h o u l d  not  be  t h e  c a s e  ( the  
r e g i o n  w~= 150 o is  t oo  p o p u l a t e d  to be  r e g a r d e d  a s  a m e r e  t a i l  of t h e  b u m p  
at  w g  120°) ,  it is i n t e r e s t i n g  to  n o t e  tha t  t he  r a t i o  of t he  p a r t i a l  c r o s s  s e c -  
t i o n  of (a) f o r  w :  150 ° to t h e  c r o s s  s e c t i o n  of (b) i s  0 .51 ,  s u g g e s t i n g  tha t  
i n d e e d  t h e  i s o s p i n s  of  t h e  s u b s y s t e m  (as  n) of (b), a s  w e l l  a s  of t h e  s u b s y s -  

l t e rn  (Tr°p) of (a) f o r  c o "  150 ° , a r e  p r e d o m i n a n t l y  ~. In c o n t r a s t ,  t he  r a t i o  
of  c r o s s  s e c t i o n s  * f o r  a l l  e v e n t s  in (a) and  (b) is  0 .69 .  

T h e  d e p e n d e n c e  of t h e  p a r t i a l  c r o s s - s e c t i o n  r a t i o  on co is  p r e s e n t e d  in 
f ig .  '7, w h e r e  t h e  q u a n t i t y  

co d~(a) / co 
R = ~ . . . . .  d o ) ' "  J dot(b) 

OO dco' 60 ° ~ do)' 

06. 

05. 

a: 0 z ' "  

03 

02. 

60o 90o ~i0o ~s0o 
to 

Fig.  7. The r '~t io cf(~ I) - ' ; 7 , ° I  ))/0"(77 " p .-- 7r 77,.: n) as func t ion  of  the ang le  a l ong  the 
hexagion, the r a t i o  l )e ing de f ined  as in the tex t .  

We used tlle c r o s s - s e c t i o n  va lues  given by the Aachen- l ) , e r l i n -CERN-co l l abora  - 
tion [8]. For  (a), we have sub t rac ted  the c r o s s  sec t ions  for production of the r e s -  
onances N*. /3. g(1(550) andDv(1830)  as obtained in ref.  [8] by fitting B r e i t - W i g n e r  
cu rves  to (l ~ )  and (/to/; +) e f fec t ive  mass  d is t r ibut ions .  These  c r o s s  sec t ions  s e r v e  
as normal i za t ion  to the co d is t r ibut ion  given in fig. 4a.b.  
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is p lo t t ed  a g a i n s t  w. It i s  s e e n  tha t  in the  i n t e r v a l  90 ° < w < 150 ° ,  the  r a t i o  
R is  a p p r o x i m a t e l y  cons t an t  and c l o s e  to the va lue  ½ p r e d i c t e d  by I = 0 ex-  
change .  

It is ,  of c o u r s e ,  a l s o  t e m p t i n g  to c a r r y  out c o m p l e t e  f i t s  of the w d i s t r i -  
bu t ions  by m e a n s  of s p e c i f i c  m o d e l s  of double  Regge  or  d i f f r a c t i o n  d i s s o c i -  
a t ion  type.  T h i s  shou ld  not be done,  h o w e v e r ,  without  pay ing  a t t e n t i o n  to 
the  r e m a r k a b l e  c o r r e l a t i o n s  b e t w e e n  the  t r a n s v e r s e  m o m e n t a  and the  ang l e  
¢o which  a r e  d e s c r i b e d  in s ec t .  3. 

3. T R A N S V E R S E  M O M E N T U M  P R O P E R T I E S  

It has often been observed that, in high energy hadron collisions, the 
transverse momentum distribution of each type of final particle, when 
taken over all events, is a rather universal function, depending little on the 
collision considered and on its energy. The use of LPS plots suggests to 
study transverse momenta ])T in a more differential way by investigating 
whether their properties are correlated with the longitudinal momentum 
configuration. For three-particle final states, this configuration is almost 
fully characterized by the angle u) along the hexagon. 

For the reactions listed in sect. I, we have studied, as functions of u), 
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as function of the angle o) for process 
(a). N *+~andp  have been excluded. 
The curves reprcsent  the phase space 
calculations, as described in the text. 
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phase space calculations, as described 
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the a v e r a g e  v a l u e s  <PT) of the t r a n s v e r s e  m o m e n t a  of the f ina l  p a r t i c l e s  
for  even t s  g rouped  by co b ins .  Fo r  a few r e a c t i o n s ,  we have a l so  d e t e r -  
m ined  the shape  of the (PTI d i s t r i b u t i o n s  as  well  as  of d i s t r i b u t i o n s  of v a r i -  
ous a n g l e s  be tween  t r a n s v e r s e  m o m e n t u m  v e c t o r s ,  for  g roups  of even t s  
be long ing  to d i f f e r en t  co i n t e r v a l s .  Th i s  s tudy r e v e a l e d  unexpec ted  v a r i a -  
t i ons  of the a v e r a g e s  a,ld of the d i s t r i b u t i o n s  with co, i .e . ,  c o r r e l a t i o n s  be-  
tween t r a n s v e r s e  and long i tud ina l  mome,~tum con f igu ra t i on .  We c o n c e n t r a t e  
h e r e  on the co d e p e n d e n c e  of the ~PT-  We sha l l  only give one e xa mpl e  of co 
dependen t  d i s t r i b u t i o n s .  

C o n s i d e r a t i o n  of the iPT)  v e r s u s  co p lo ts  s u g g e s t s  an e m p i r i c a l  ru le .  
T h e s e  p lo ts  show the i r  s t r o n g e s t  s t r u c t u r e  for  r e a c t i o n s  where  the weighted 
co d i s t r i b u t i o n s  dN'/dco of figs.  4 and 5 have the mos t  p r o n o u n c e d  m a x i m a ,  
and the <pT.3 g e n e r a l l y  show m i n i m a  at the co va lues  where  dN ' /dco  has i ts  
m a x i m u m .  T h i s  is i l l u s t r a t e d  in f igs.  8-10 for r e a c t i o n s  (a), (b), (h) and 
(i); the r e s o n a n c e s  l i s t e d  in (5) have bee,l  excluded.  One indeed no t i ce s  the 
s y s t e m a t i c  o c c u r r e n c e  of low kPT: i,~ a r a t h e r  , l a r row r eg ion  at co Z- 120 o, 
where  the dN'/dco have a p r o n o u n c e d  and r a t h e r  s h a r p  bump.  A no t he r  r e -  
m a r k a b l e  effect e x i s t s  for  r e a c t i o n s  (b) and (h) which have i d e m i c a l  p ions ;  
it o c c u r s  at co = 150 ° where  (PT) has a m a x i m u m  for p ions  and a m i n i m u m  
for  the b a r y o n  (fig. 9). 

The  shape  of the s t r u c t u r e s  s e e n  n e a r  co -" 180 ° for r e a c t i o n s  (a) and (i) 
is p e r h a p s  m o r e  d i f f icu l t  to a s s e s s  b e c a u s e  of the l a r g e  e r r o r s  on the r igh t  
of this  co va lue  (figs.  8 and 10). Fo r  the o the r  s ix  r e a c t i o n s  s tud ied  in th is  
p a p e r  the co d e p e n d e n c e  of the (PT) is found to be a p p r e c i a b l y  weaker .  In 
the  c a s e  of (d) which has  r a t h e r  high s t a t i s t i c s ,  the m a i n  f e a t u r e  is that  the 
(PT) have a f lat  and weak m i n i m u m  for  120 ° £ co ~ 160 °, which is the r e -  
gion of the b road  b u m p  in dN'/dco. 

To i l l u s t r a t e  the effect  of r e s o n a n c e s  on the (PT) v e r s u s  co p lo ts ,  we 
give in fig. 11 what is  ob ta ined  for  r e a c t i o n  (i) when the two K* m e s o n s  a r e  
lef t  in the data .  T h i s  s t r o n g l y  e n h a n c e s  the m i n i m a  at co >- 120 ° and g ives  
c l e a r  m i n i m a  at  co v 165 ° . As shown by fig. 3i, t hese  co va lues  c o r r e s p o n d  
to the two peaks  o b s e r v e d  in the r e s o n a n c e  c o n t r i b u t i o n  to dN/dco (see  fig. 
5i for  the r e s o n a n c e  c o n t r i b u t i o n  to dN' /dco) .  T h e s e  peaks  a r e  r e a d i l y  un-  
d e r s t o o d  by ,rating that  the r e s o n a n c e s  a r e  s t r o n g l y  a l i gned  in the long i tud i -  
nal  d i r e c t i o n ,  and it is obvious  that  the (pT)  of t h e i r  decay  p r o d u c t s  a r e  
s m a l l e s t  when the r e s o n a n c e s  a r e  so a l igned .  Such ef fec ts  can r e a d i l y  be 
p r o d u c e d  by two-body  r e s o n a n c e s  for  which the m o m e n t u m  te of the decay  
p r o d u c t s  in the r e s o n a n c e  r e s t  f r a m e  is l a r g e r  than the a v e r a g e  (PT) i,~ in-  
e l a s t i c  c o l l i s i o n s .  The  va lues  of k a r e  :v 0.3 and ~ 0.6 G e V / c  for  K*(890) 
and K*(1400), r e s p e c t i v e l y ,  so that  mos t  of the effect  n m s t  be due to the 
l a t t e r  r e s o n a n c e .  

While  h e a w  r e s o n a n c e s  can thus  c o n t r i b u t e  m i n i m a  to the ( P T ) v e r s u s  co 
p lo t s ,  it s e e m s  un l ike ly  that  they could exp la in  al l  the s t r u c t u r e s  o b s e r v e d ,  
a s  shown by a c o m p a r i s o n  of f igs .  10 and  11. Also  r e a c t i o n s  (b) and (h) 
g iven  in fig. 8 a r e  i n t e r e s t i n g  in  th i s  r e s p e c t .  F o r  t hem,  only heavy b a r y o n  
r e s o n a n c e s  could have the effect  d i s c u s s e d  above,  but we note that  the m i n -  
i m a  in (fiT) on the left  of co = 120 ° fal l  in the r eg ion  of 'v23 ~- 2(GeV) 2 and 
s13 ~ 10(GeV) 2, as  can  be s e e n  by m e a n s  of fig. 8 of I. F u r t h e r  c l a r i t y  on 
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t h i s  q u e s t i o n  wil l  be p r o v i d e d  by going  to h i g h e r  inc iden t  e n e r g i e s .  In r e a c -  
t ion (i) f o r  i n s t a n c e ,  th i s  wi l l  s e p a r a t e  in the w d i s t r i b u t i o n s  (f igs .  3 and 5) 
the peak  n e a r  w ~ 120 ° p r o d u c e d  by K* p r o d u c t i o n ,  which  wil l  m o v e  to the  
r igh t  f r o m  the peak  c r e a t e d  by P exchange ,  which  we p r e d i c t  to m o v e  to the 
lef t .  

We now d i s c u s s  w h e t h e r  the s t r u c t u r e  o b s e r v e d  in the (PT) v e r s u s  w 
p lo t s  could  be due to phase  s p a c e  e f f ec t s .  It should  indeed be r e c a l l e d  tha t  
a c o r r e l a t i o n  b e t w e e n  (pT)  and the c . m .  long i tud ina l  m o m e n t u m  q of p a r -  
t i c l e s  was  a l r e a d y  o b s e r v e d  in m u l t i - p a r t i c l e  p r o d u c t i o n  p r o c e s s e s  [9, 10]. 
It c o n s i s t s  in a m i n i m u m  of (PT)  p lo t t ed  a s  func t ion  of q, i ts  pos i t i on  be ing  
a t  q = 0. The  o c c u r r e n c e  of th i s  m i n i m u m  for  p ions  can be e x p l a i n e d  as  an 
e f f ec t  of the r e l a t i v i s t i c  phase  s p a c e  dens i ty  which c o n t a i n s  the pion e n e r g y  
in the d e n o m i n a t o r  [9, 11]. The  s a m e  p h a s e  s p a c e  e f fec t  o p e r a t e s  in our  
p lo t s  of <PT) v e r s u s  co. We expec t  it to p r o d u c e  a m i n i m u m  in the (PT)  of a 
l igh t  p a r t i c l e  fo r  the p a r t i c u l a r  ,,o v a l u e  w h e r e  the  q of t h i s  p a r t i c l e  van-  
i shes .  T r a n s v e r s e  m o m e n t u m  c o n s e r v a t i o n  then  induces  w e a k e r  (PT) m i n i -  
ma  fo r  the  o t h e r  p a r t i c l e s  at the s a m e  w. T h e s e  e f f e c t s  a r e  i l l u s t r a t e d  by 
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the  c u r v e s  d r a w n  in f igs .  8 -11 .  They  r e p r e s e n t  the q P T  c a l c u l a t e d  with a 
m a t r i x  e l e m e n t  of the f o r m  

3 
;.11 2 = c I I e x p [ - a i p i 2 ] ,  

i=1 

c, a i b e i n g  c o n s t a n t s .  With such  a m a t r i x  e l e m e n t ,  only p h a s e  s p a c e  e f f e c t s  
can  p r o d u c e  c o r r e l a t i o n s  b e t w e e n  t r a n s v e r s e  and long i tud ina l  m o m e n t a .  
T h e  a i w e r e  a d j u s t e d  to fit :J)T a r o u n d  co= 150 o. F o r  r e a c t i o n  (c)(fig. 9), a 
s e c o n d  se t  of c u r v e s  c o r r e s p o n d s  to a fit a r o u n d  co= 90 o. It is c l e a r  that  
p h a s e  s p a c e  e f f e c t s  do not accoun t  fo r  the o b s e r v e d  s t r u c t u r e s  in the w v a r -  
i a t ion  of <PT,, which  mus t  be a t t r i b u t e d  to the m a t r i x  e l e m e n t s  i t s e l f .  F o r  
s o m e  of our  r e a c t i o n s ,  we have  c h e c k e d  th is  c o n c l u s i o n  in a n o t h e r  way by 

w: 

20 

N**° 

PT- DISTRIBUTION 

w-p~N'*"rr'w" Qt16 C~VIc 

re<t04 ° (143 Events) 

¢u >131 ° (102 Events) 

N*o* 

o ,B 
QO 1.0 0.0 

0 A ; 
i.O O0 tO 

Fig. 12. T r a n s v e r s e  m o m e n t u m  d i s t r i b u t i o n s  of p r o c e s s  (h) fo r  two d i f f e r e n t  co 
into r v a l s .  
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p l o t t i n g  f r o m  the  da t a ,  a s  f u n c t i o n s  of co, the  w e i g h t e d  a v e r a g e s  @T) '  ob-  
t a i n e d  when each  even t  i s  g iven  the  we igh t  DR1 a s  e x p l a i n e d  in s e c t .  2. In 
t e r m s  of the  m a t r i x  e l e m e n t ,  t h e s e  a r e  

~,.biT/ / Id2r:  / [:Z', 2 62 O)J [d2 r :  , 

with the  s a m e  no ta t i on  a s  in eqs .  (3) and  (4). The  s t r u c t u r e s  o b t a i n e d  in 
(PT) '  a r e  found to d i f f e r  only in d e t a i l s  f r o m  t h o s e  of <PT). 

As mentioned earlier,  we give only one example of co dependence for 
transverse momentum distributions. It is shown in fig. 12 which contains 
the transverse momentum distributions of all outgoing particles for reac- 
tion (h) considered in the two following intervals of co 

60 ° < co< 104 ° , 131 ° < co< 150 ° .  

One will notice the difference of range of the <PT) distributions of the bary- 
on and the different shapes of the {pT ) distributions of pions. 

4. T H E O R E T I C A L  REMARKS AND CONCLD~iDNS 

As mentioned earl ier ,  this paper does not intend to present a quantita- 
tive theoretical description of the effects uncovered by the LPS analysis. 
We limit ourselves to some remarks of more general nature. 

Considering reactions (a), (b), (d) and (e), we notice that the strong 
bumps in the co distributions of fig. 4 have their maximum in the co region 
where the subenergy sij of the 'diffraction dissociated' subsystem is near 
its minimum. This subenergy is s23 for reactions (a) and (b) which, we 
suggest, are dominated by diagram (A) of fig. 6; it is s12 for (d) and (e) 
corresponding to diagram (B) of fig. 6 (the co dependence of s23 in (a) or (b) 
is illustrated by fig. 8 of I; the dependence of Sl2 for (d), (e) is about the 
same, except for the reflection co --" 240 ° -  co which exchanges outgoing par- 
ticles 1 and 3). We mention two related implications of this observation: 

(i) It shows that the main problem connected with the use of diagrams 
(A) and (B) for three-body collisions is to find an adequate formula for de- 
scribing a process 

p+C 1 ~ C2+C 3 , 

P = P o m e r a n c h u k  t r a j e c t o r y  , C i = r e a l  p a r t i c l e s  , (6) 

a t  low and i n t e r m e d i a t e  v a l u e s  of i t s  own c . m .  e n e r g y  g-'-" (g i s  equa l  to the  
s u b e n e r g y  sij m e n t i o n e d  above) .  It i s  e a s i l y  s e e n  tha t ,  d e p e n d i n g  on the  a c -  
tua l  co va lue  wi th in  the  b u m p  of the  w d i s t r i b u t i o n  of the  o v e r - a l l  r e a c t i o n ,  
the  p r o c e s s  (6) t a k e s  p l a c e  e i t h e r  f o r w a r d  o r  b a c k w a r d  in i t s  own c . m .  s y s -  
t e m .  The  doub le  R e g g e  m o d e l  d e s c r i b e s  (6) by e x c h a n g e  of v a r i o u s  Regge  
p o l e s  R ' ,  R" (fig. 13). It is  c l e a r  tha t  the  e x p e r i m e n t a l  d a t a  wi l l  t e s t  such  a 
d e s c r i p t i o n  m a i n l y  at  s m a l l  g w h e r e  i t s  a p r i o r i  j u s t i f i c a t i o n  i s  doubt fu l  
( s e e  (ii) be low) .  It is  a l s o  c l e a r  t ha t  i n t e r f e r e n c e  e f f e c t s  b e t w e e n  the  f o r -  
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P p 

C, C 3 C~ C 2 

Fig. t3. l ) iagrams descr ibing the interaction P ~ C I ~ C 2  C3 in the Regge-pole model. 

w a r d  and  b a c k w a r d  d i a g r a m s  of f ig.  13 wi l l  in g e n e r a l  be e s s e n t i a l .  In a d -  
d i t ion ,  the  d u a l i t y  p r o b l e m  has  to be  f a c e d  in a c u t e  f o r m :  to what  d e g r e e  
a r e  d i r e c t  channe l  r e s o n a n c e  e f f e c t s  (fig. 14) c o n t a i n e d  in the  d i a g r a m s  of 
f ig.  13 ? F o r  t h e s e  v a r i o u s  r e a s o n s ,  we b e l i e v e  tha t  the  p h e n o m e n o l o g i c a l  
s tudy  of p r o c e s s e s  l i k e  eq. (6), b a s e d  on a L P S  a n a l y s i s  of t h r e e - p a r t i c l e  
c o l l i s i o n s ,  cou ld  be  an i n t e r e s t i n g  f i e l d  of a p p l i c a t i o n  fo r  the  V e n e z i a n o  
m o d e l  [ 12]. The  f ac t  t ha t  the  m o d e l  d o e s  not a l l o w  P o m e r a n c h u k  e x c h a n g e  
i s  h e r e  i n e s s e n t i a l ,  b e c a u s e  P e x c h a n g e  in eq. (6) is  f o r b i d d e n  o r  v e r y  
weak .  Indeed ,  P e x c h a n g e  in eq. (6) i m p l i e s  doub le  P e x c h a n g e  in the  o v e r -  
a l l  r e a c t i o n ,  which  i s  now known to be  s u p p r e s s e d  [ 13]. 

P C2 

l.'ig. 14. Direct  channel d iagram contributing to the interaction P~C 1 - -C2-C  3. 

(ii) In many applications of the double Regge model to the analysis of 
three-body final states, cuts are performed on two subenergies s i j  , s j k  ill 
order to exclude the events in which one or both of the subenergies have 
low values. Applied to the collisions which we have studied, this procedure 
amounts to keeping only the events with co near 120 ° and those with w near 
180 ° (regions of double reggeization). The danger of testing a model o11 
such a restricted class of events is well illustrated by considering the re- 
gion w ~ 120 ° for our eight reactions allowing P exchange. In all eight 
cases, the region u) ~ 120 ° is well inside or on the edge of the broad bump 
occurring in the distribution over a much wider ~ region. Clearly, the 
theoretical description of the broad bump and of its wings cannot be sepa- 
rated. In other words, double Reggc fits to the limited region of double 
reggeization can only bc regarded as satisfactory if they properly describe 
the broader region of the bump, i.e., the region of single reggeization dis- 
cussed in (i). 

Regarding the correlations between the transverse momenta and the an- 
gle co, while the (/)T) versus u) plots given in sect. 3 clearly establish their 
existence and location, we are not convinced that their study can be limited 
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to c o n s i d e r a t i o n s  of t h e s e  c u r v e s .  We have  o b s e r v e d  that  the  c o r r e l a t i o n s  
a r e  a l s o  v e r y  a p p a r e n t  when c o n s i d e r i n g  a n g u l a r  p r o p e r t i e s  of the  t r a n s -  
v e r s e  m o m e n t u m  v e c t o r s ,  e .g . ,  the shape  of the t r i a n g l e  f o r m e d  by t h e s e  
t h r e e  v e c t o r s .  F u r t h e r  work  wil l  be n e c e s s a r y  b e f o r e  one can d e c i d e  on the 
b e s t  c h o i c e  of v a r i a b l e s  to be used  for  the d e s c r i p t i o n  and t h e o r e t i c a l  f i t -  
t ing of the c o r r e l a t i o n s  in ques t ion .  

F o r  the m o m e n t ,  our  ma in  c o n c l u s i o n  is of a m o r e  g e n e r a l  na tu re .  We 
b e l i e v e  to have  e s t a b l i s h e d  that  the long i tud ina l  phase  s p a c e  a n a l y s i s  is an 
e f f e c t i v e  tool  fo r  e x t r a c t i n g  the i m p o r t a n t  e m p i r i c a l  p r o p e r t i e s  of t h r e e -  
p a r t i c l e  f inal  s t a t e s  in high e n e r g y  hadron  c o l l i s i o n s ,  and that  the m o s t  
s t r i k i n g  p r o p e r t i e s  (as r e v e a l e d  in the a,, d i s t r i b u t i o n s )  a r e  e x p l a i n a b l e  by 
s t r o n g  d o m i n a n c e  of d i f f r a c t i o n  d i s s o c i a t i o n ,  i . e . ,  P o m e r a n c h u k  e x c h a n g e ,  
w h e n e v e r  t h i s  p r o c e s s  is a l lowed .  We fee l  that  the LES a n a l y s i s  opens  new 
p o s s i b i l i t i e s  fo r  t e s t i n g  and i m p r o v i n g  q u a n t i t a t i v e  d y n a m i c a l  m o d e l s  of 
p a r t i c l e  p r o d u c t i o n ,  and it wil l  be i n t e r e s t i n g  to s e e  w h e t h e r  it a l s o  f inds  
a p p l i c a t i o n s  to f inal  s t a t e s  of h i g h e r  m u l t i p l i c i t y .  

We would l ike  to thank a l l  m e m b e r s  of the  c o l l a b o r a t i o n s  m e n t i o n e d  in 
s ec t .  1 fo r  the g e n e r o u s  p e r m i s s i o n  to m a k e  use  of t h e i r  unpub l i shed  data.  
We a l s o  thank D r s .  Y. G o l d s c h m i d t - C l e r m o n t ,  J.  D. H a n s e n  and D. R. O. 
M o r r i s o n  fo r  he lpfu l  d i s c u s s i o n s .  
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