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Abstract T h i s  paper i s  a  c o n t i n u a t i o n  o f  the  " D i f f r a c t i v e  D i s s o c i a t i o n  
I n  pp -+ ~++a-?. I - ~ l o ~ e - ~ a s s - ~ o s e ~ . ~ .  ~ o r r e l a t i o n " . ~  We c a l c u l a t e  
here t h e  p a r t i a 1  wave amp l i tudes  and g i v e  t h e  r e s u l t s  ob ta ined  f o r  t h e  
slope-mass-part ia1 wave c o r r e l a t i o n .  
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1. INTRODUCTION 

T h i s  paper i s  a  c o n t i n u a t i o n  o f  " D i f f r a c t i v e  D i s s o c i a t i o n  i n  
G.J. pp -t A++G. I - Slope-Mass-Cose Cor re la t ion" ,  h e n c e f o r t h  c a  1 1 e d  

[I]'. Here we proceed t o  the  p a r t i a 1  wave a n a l y s i s  f o r  the  (A++;) sys-  

tem u s i n g  the  h e l i c i t y  amp l i tudes  and t h e  fo rma l i sm o f  1 .  We a v o i d  

r e p r o d u c i n g t h e r e s u l t s o f  [ l ] , w h e r e t h e r e q u i r e d  f o r m u l a e ,  e x -  

p ress ions  and n o t a t i o n s  can be found. 

The (TCDM) g i v e s  a  s e t  o f  p r o p e r t i e s  o f  t h e  i n e l a s t i c  d i f f r a c -  

t i v e  r e a c t i o n s .  One o f  them i s  the  e x i s t e n c e  o f  "zeros" as a  c o n s e -  

q u e n c e  o f  the  i n t e r f e r e n c e  among i t s  components. I n  some c a s e s  i t  

was p o s s i b l e  t o  d e r i v e  an equa t ion  f o r  the  "zeros", w h i  c h  determines 

e x a c t l y  the  k inemat i ca l  r e g i o n  where they  a r e  loca ted .  But i n  the  p re -  

sent case (pp -+ A++IT-~) the  c o m p l i c a t i o n s  a r i s i n g  f rom t h e  s p i n  d o n ' t  

a l l o w  t o  w r i t e  a  s imp le  express lon  i n  which we c a n  v i s u a l  i z e  ana- 

1  y t  i c a  I 1  y  the  "zeros" o f  t h e  ampl i tude.  These "zeros" corresponds t o  

d i p s  i n  the  c ross- sec t ions  t h a t  a r e  e x p e r i m e n t a l l y  o b s e r v e d  i n  t h e  

k lnemat ica l  r e g i o n  o f  energy below t h e  t h r e s h o l d  o f  t h e  resonances. 

A consequence o f  these "zeros" i n  t h e  t , - d i s t r i b u t i o n s  f o r t h e  
++ - G.J. p a r t i c u l a r  i n t e r v a l s  o f  mass o f  t h e  (A IT ) system and o f  cose , i s  

a  slope(b)-mass(~*++,-)-partia1 wave c o r r e l a t i o n .  



The enhancement o f  the net  slope o f  a  p a r t i c u l a r  wave, which 

decreases w i  t h  increasing energies (sl) o f  the d issoc ia ted p a r t i c l e s ,  

i s  an evidence of t h i s  co r re la t i on .  

We examine the inter ferences among the components o f  ( T C D M )  

and i nves t i ga te  i n  which p a r t i a l  waves they are  stronger.  As we could 

not  ob ta in  an equation t o  determine the p o s i t i o n  o f  the " z e r o s"  we 

rnade i n  [I] a  numerical ana lys is  o f  the slope-rnass-cose G.J. 
c o r r e -  

l a t i o n .  I n  the present paper we a l so  ca l cu la te  numerical ly  the p a r t i a l  

wave d i s t r i b u t l o n s  and search f o r  slope-mass-partia1 wave co r re la t i on .  

I n  sect ion 2  we g i ve  the p a r t i a l  wave ana l ys i s  (PwA) o f  the 

hel i c i  t y  arnpl i tudes obtained i n  [I] using the resu l  t s  shown i n  Appen- 

d i x  A. 

We can search f o r  in ter fe rence mechanism d i r e c t l y  i n  the t2- 
- d i s t r i b u t i o n s  f o r  p a r t i c u l a r  windows o f  the parameters. The net  slope 

o f  each p a r t i a l  wave i s  a  good way o f  checking w h e t h e r  t h e  i n t e r -  

ference mechanisrn given by (TCDM) works o r  no t .  

I n  sect ion 3 the r e s u l t s  o f  the ca l cu la t i ons  are d i s c u s s e d  

and some conclusions are presented. In  Appendix A, we the p a r t i a l  wave 

developrnent o f  the hel i c i  t y  ampl i tudes o f  the subreaction ($+a -+ 1+2), 

F i g . ( ~ l ) .  

Some symbols t ha t  appear i n  t h i s  paper are:  the d  i f f r a c t  i ve 

momentum t rans fer  752 = (p -p 1 2 ;  the Gottfr ied-Jackson coordinates @,I$ 
3 

b -+ 
o f  the momentum ( p l )  and the angle (a) o f  the momentum ( P ~ )  r e l a t i v e  t o  

-+ 
the inc ident  beam d i r e c t i o n  (p,), i n  the R12 system; the squared energy 

o f  the d issoc ia ted subsystern, s 1=(p1+p2)2; i n  the R12 systern,sl=(~A++m~. 

2. PARTIAL WAVES FOR pp +A++ s-p REACTION 

We formulate i n  t h i s  sec t ion  the (PWA) f o r  our reac t ion ,  using 

the hel  i c i  t y  ampl i tudes obtained i n  paper [I]. For our purposes, these 

arnpl i tudes (def i ned i n sect ion  4 o f  [I] formul ae (55), (56) , (57) , (58)) 

a re  &i tab l  rewrí t t e n  here. 

A Ti+ ( I )  
+ A  (2) 

( i j / 2 ,  t l / 2 )  (e'm) = ?t3/2, t l / 2 )  (t3/2,21/2) 
COS + 





+ l 2  s m ,  h 1 j 2  (s,sl ,m:)cos a c o s  e] 

b ,  = - b 2  

T h e  e x p r e s s i o n s  I m k  ( k  = 1 ,  . . . ,  1 6 )  a n d  Re 
( A l  , h a ) '  

w i t h  A ,  = -+3/2,+1/2 and Aa = +1/2 g iven  i n  [I]. 

Le t  us make some comnents on these formulae.  We have separated 

a11 h e l i c i t y  ampl i tudes i n  t h r e e  p a r t s ,  one o f  which has no dependence 

on $, one m u l t i p l i e d  by tos$ and another  one m u l t i p l i e d  by siri$. T h i s  

separa t ion  f o r  (PWA) make t h e  i n t e g r a t i o n  on 4 e a s i e r  t o  per fo rm as we 

can see below. 

(i) We w i s h t o  makesome remarks f o r  each o f  t h e  c o e f f i c i e n t s A h  
1 a' 

i = 1,2,3. I n  o r d e r  t o  make t h e  o b s e r v a t i o n s  below e a s i e r  t o  be under-  

stood, the  components o f  ( T O M )  which a r e  p resen t  i n  each c o e f f  i c i e n t  

a r e  shown i n  Table (2.1).  



Table 2-1 - Components o f  (TCDM) p resen t  i n  each o f  t h e  c o e f f i c i e n t s  
(2) AI h (i = l ,2 ,3) .  
i a 

,(i) 1 ' Components p resen t  i n  A~ (i V, 
h, = + 1 / 2  

- 
A(') h, 

2, 
I r 3 / 2  

( 1 )  
b t 3 / 2  

A 
'1/2 

2 

13 /2  

i 3 / 2  

1 a 

n o  

n o  

n o  

n o  
I 

n o  

I 

+ 3 / 2  

(1 ( i ) The r o e f f i c i e n t s  A(,112,21,2), ,(i) 
2 2  / 2 , 1 / 2  

( T ~ / ~ , + ~ , ~ )  c o n t a i n t h e t h r e e c o m p o n e n t s o f  (TCDM). C o n s e -  

U 

n o  

1 i 3 / 2  
( 3  

A I i 1 1 2  

quen t l y ,  i f  t h e r e e x i s t  s t r o n g  i n t e r f e r e n c e s  o f  TCDM type,  they 

a r e  expected t o  occur  i n  these c o e f f i c i e n t s .  

y e s  

y e s  

n o  

n o  

y e s  

I 

5 1 / 2 1  n o  n o  

n o  ' n o  
I 

y e s  / n o  

( i i  ) The c o e f f  i c i e n t s  A (1 1 (2) ( 1  

A (2) (23/2,+1/2)'A(~3/2,21/2)'A(i3/2,~1/2)' 
(~3 /2 ,21 /2 )  

c o n t a i n  o n l y  4 and U components. Then, we cannot 

T U  

y e s  

y e s  

no 

expect  s t r o n g  i n t e r f e r e n c e s  o f  (TCDM) type. 

( i i i )  The c o e f f i c i e n t s  A (3) and A (3 
(23/2,+1/2) (~3 /2 ,+1 /2 )  

c o n t a i n  o n l y  U 

cornponents, so we do n o t  expect  i n t e r f e r e n c e s  a t  a l l .  

n o  

n o  

n o  

n o  

n o  

n o  
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n o  

S U  

n o  

n o  
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n o  
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y e s  

n o  

n o  

n o  

S T U  

n o  

I 

n o  

y e s  

n o  
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(3 ( I v )  F ina l  l y  the c o e f f i c i e n t s  A ( ~ ~ , ~ , ~ ~ , ~ )  (3) 
and A ( i ~ / 2 , ~ ~ / 2 )  

conta in  U 

and S cornponents. Then the poss ib le  inter ferences are notexpected 

t o  be s t  rong . 
Now we wr l  t e  the ampl i tudes given by eqs. ( I ) ,  (2) , ( 3 )  and (4) 

i n  a general way 

where 

The i n teg ra t i on  on $ which appears i n  eq. (A-27) can be done 

Thus we may ob ta in  pa r t i a1  wave amplitudes f o r  each value o f  M, as i t  

i s  usua l l y  done i n  the experimental ana lys is .  As we want t o  show tha t  

there may happen inter ferences i n  the ( P w A ) ,  we choose ( f o r  simpl i c i  t y )  

on ly  the value M = Aa, because t h i s  choice automat ica l ly  se lec ts  the 

amplitudes i n  which they are  l i k e l y  t o  occur. 

From eqs. (7) and (A-271, w e o b t a i n  the p a r t i a 1  wave ampl i-  

tudes f o r  we l l  def ined t o t a l  angular mornentum J and i t s  p ro jec t i on  on 

the inc ident  beam rnomenturn M = X a 



which s a t i s f y  t h e  r e l a t i o n s  

For  w e l l  d e f  ined o r b i  t a l  angu la r  monie \:um L t h e  ùmpl i tucies a r e  

g iven  by eq.(A.30) 

where AJ,fi-, 2 . i s  g i v e n  by e q . ( 8 ) ,  s a t i s f y i n g  t h e  r e l a t i o n  (A.31). I f  

M=A I A ,  LA, 
a' 

J,-A + J ,  X + 

A a'- = ' A  a-' - 
(11) 

( L ) ,  -A, (L), A, 

These ampl i tudes have p a r i  t y  g i v e n  by P = ?(- I  )J-1/2 . As ou  r model 

must be a p p l i e d  o n l y  t o  a r e s t r i c t  range o f  t h e  e f f e c t i v e  mass o f  t h e  
++ - 

subsystem ( A  IT ) ,  loca ted  below t h e  f i r s t  r e s o n a n c e  t h r e s h o l d  

(mA + mT .<mm*), we expect  t h a t  i n  t h i s  r e g i o n  o n l y  t h e  f i r s t  

few p a r t i a l  waves c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  s u b r e a c t i o n  
i-+ - 

P + p + A + T . For convenlence we denote t b e  amp l i tudes  used i n  o u r  

c a l c u l a t i o n s  by 

Now u s i n g  eq. (A-40) we have one p a r t i a l  wave ampl i r u d e  f o r  S- w a v e  , 
t h r e e  f o r  P-wave and f o u r  ampl i tudes f o r  D-wave, as g i v e n  below. 



Based o n l y  on t h e  express ions  above we cannot p r e d i c t  e x a c t l y  

t h e  behaviour  o f  these amp l i tudes  w l t h  respec t  t o  t h e  in ter ferences.We 

know t h a t  i n  a l l  amp l i tudes  (13) t o  (15) t h e  terms w h i c h  g i v e  t h e  

s t r o n g  i n t e r f e r e n c e s  a r e  p resen t .  However t h e r e  a r e  o t h e r  t e r m s  n o t  

t r i v i a l l y  added t h a t  can g i v e  r i s e  t o  comp l i ca ted  c o n c e l a t i o n s  so t h a t  

we cannot e x t r a c t  any c l e a r  conc lus ion .  Thus we made some numer ica l  

c a l c u l a t i o n s  whlch we comment i n  t h e  nex t  s e c t i o n .  

The c r o s s- s e c t i o n  c a l c u l a t e d  f rom t h e  amp l i tudes  (13) t o  (151, 

f o r  each p a r t i a l  wave (L) w i t h  l ~ I = 1 / 2 ,  i s  g i ven  by (accord ing  t o  eq. 

(A-47)  o f  i l 1 ) : 

3. RESULTS AND CONCLUSIONS 

The p a r t i a 1  wave d i s t r i b u t i o n s  do/&, f o r  t h e  pp +,A++ - p r e -  

a c t i o n  have been c a l c u l a t e d  i n  t h i s  work. T h i s  a l l o w s  us  t o  l o o k  f o r  

the  e x i s t e n c e  o f  a  s lope-mass-par t ia1 wave c o r r e l a t i o n ,  as observed i n  

o t h e r  cases ( e . g .  KN 3 ) .  



O i i r  r e s u l t s  a r e  shown i n  f i g u r e s  ( I )  t o  (6) .  The s e t  o f  p a r -  

ameters used i n  t h e  c a l c u l a t i o n s  i s  t h e  same as t h a t  o f  p a p e r  [q : 

oTN = 25~(mb), $iN = 50.(mb), {tt = 80(mb), BTN = 1 0  ( G ~ v - ' )  , BNiV=9. 
To t To t 

(Gevm2) arid BNA = 8 .  ( G ~ v - ' ) .  Two e f f e c t i v e  mass ( M ~ + + ~ - )  i n t e r v a l  s  were 

tons iderecl: 1.37 4< M ++ - s 1.40 (Gev) and 1.40 s MA++T 4< 1.45 (GeV) . A T 

For t h e  p a r t i a 1  wave amp l i tudes  A JM9' w i t h  wel l de f ined  t o t a l  
(L) Xa 

angu la r  momentum (J) o f  t h e  subsystem (AT) and i t s  p r o j e c t i o n  i n  t h e  

d i  r e c t i o n  o f  t h e  i n c i d e n t  beam (M), o r b i  t a l  angu la r  momentum ( L )  and 

n o r m a l i t y  (?) ,  we have r e s t r i c t e d  t h e  c a l c u l a t i o n s  t o  t h e  va lues  M=X a 
(o r  IMI = 1/21. 

T h i s  r e s t r i c t i o n  has t h e  advantages o f  s i m p l i f y i n g  t h e  c a l c u -  

l a t i o n s  arid making p o s s i b l e  t o  choose t h e  p a r t i a l  wave amp l i tudes  i n  

which strcmg i n t e r f e r e n c e s  due t o  TCDM a r e  expected t o  occur .  

The c o n d i t i o n  1 ~ 1  = 1/2 i s  enough t o  v e r i f y  a  p o s s i b l e  s lope-  

-mass-par t ia1 wave c o r r e l a t i o n .  T h i s  assumption was cor robora ted  by t h e  

r e s u l  t s  presented here.  We hope t h a t  these r e s u l  t s  wi 1  l be con f  i rmed 

exper imenta l  1  y. 

F i g u r e  1 shows t h e  t h r e e  p a r t i a l  wave ( S  ,P and D ) d i  s t r  i - 
bu t ions ,  cobtained d i r e c t l y  by ( 1  3 ) ,  (1  4 )  a n d  ( 1 5 ) .  We can see 

t h a t  t h e r e  i s  a  s t r o n g  i n t e r f e r e n c e  i n  t h e  S wave, w i t h  a d i p  a t  t, = 

= -0.3 ( G ~ v ' ) .  The P wave shows two d i f f e r e n t  behaviors ,  o r  two slopes, 

and the  D wave shows o n l  y  one s lope  i n  t h e  considered range o f  t,. 

An examinat ion o f  each A ( I ~ ) ~ / ~  wave d i s t r i b u t i o n  a l l o w s  us 

t o  understand s p e c i f i c a l l y  which o f  them have s t r o n g  i n t e r f e r e n c e s .  
+ 

F i g u r e  3 shows t h e  P wave d i s t r i b u t i o n s ,  i .e . ,  t h e  A ( P ~ / ~ ) ~ / ~ ,  

A(PiIZ) and A(P;/~) I /2  g iven  by (14a), (14b) and (14c) respec t -  
+ 

i v e l  y. Amang t h e  P wave ampl i tudes, t h e  A ( P ~ / ~ )  1/2 i s t h e  one t h a t  has 

the  s t ronges t  i n t e r f e r e n c e ,  w i t h  a d i p  a t  t, " - 0 .13  ( G ~ v ' ) .  

The r e l a t i v e  n o r m a l i z a t i o n  i n  f i g u r e  3, shows t h a t  t h e  p a r t i a l  
+ 

wave A ( P ~ , ~ ) ~ ~ ~  i r  two o r d e r s  o f  magnitude b igger  than A(Pt 3/2 ) 1/2 where 

the  s t ronges t  i n t e r f e r e n c e  occurs.  For t h i s  reason t h e  t o t a l  P wave 

d i s t r i b u t i o n  shown i n  F i g .  1, does n o t  p resen t  t h e  s t r u c t u r e s  o f  t h e  
+ 

A ( P ~ / ~ )  /2 wave. 

I n  F ig .  5  we have t h e  D wave spectrum f o r  e a c h  J ,  i . e . ,  

A(q;2)112, A(D; ,~ )~ /~ ,  A ( D ; ~ ~ ) ~ / ~  and ~ ( 0 ; ~ ~ ) ~ ~ ~  w a v e s  g i v e n  b y  

(15a,b,c and d)  equat ions r e s p e c t i v e l y .  We remark t h a t  t h e  A ( D ; / ~ ) ] / ~  



F ig .  2  

F i g .  1 - du/dt, d i s t r i b u t i o n s  f o r  s(-), P(----) and D ( - . - e - )  waves i n  

t h e  e f f e c t i v e  mass i n t e r v a l  1.37 r M ++ - 6 1 .40 ( G ~ v ) .  
A IT 

F i g .  2 - d~/dt,  d i s t r l  b u t i o n s  f o r  D(-), E'(----) and D(-.-.-) waves i n  

t h e  e f f e c t i v e  mass i n t e r v a l  1.40 6 M 
A++T- 

< 1.45 ( G ~ v )  . 

and A ( D ; / ~ ) , / ~  p resen t  t h e  d i p s  a t  t, = -0.6 (Gev2) a n d  t, - 0 . 3  

( G ~ v ~ )  r e s p e c t i v e l y ,  w h i l e  no d i p  i s  seen i n  t h e  two o t h e r .  

F igures  2, 4 and 6  show t h e  same behavior  t h a t  appears i n F i g s .  

1, 3  and 5 r e s p e c t i v e l y ,  b u t  f o r  a  mass r a n g e  f a r t h e r  f r o m  t h e  

t h r e s h o l d ,  1.40 6 MA++71- < 1.45 (GeV). 

Summarizing, as  we see i n  F i g s .  1 and 2, t h e  P wave does n o t  

p resen t  d i p s  because a l l  the  c o n t r i b u t i o n s  from t h e  d i f f e r e n t  va lues  o f  

J a r e  added. The d i p  i n  A ( P ; / ~ ) ~ / ~  i s  masked by l a r g e  c o n t r i b u t i o n s  

f rom o t h e r  J values.  The D wave shows a  s i m i l a r  p a t t e r n  f o r  It,l < 0.6 

(Gev2), b u t  the  e x i s t e n c e  o f  a  d i p  i n  A ( D -  ) a t  t, -0.6 (GeV ) 
1/2 1/2 

g i v e s  r i s e  t o  a  change i n  t h e  s lope  and a  p o s s i b l e  d i p  i n  D  wave  f o r  

It,] > 0.6 (Gev2) as seems t o  appear i n  F i g .  2. 



Fig.3 - da/'dt2 d i s t r l b u t i o n s  f o r  P(J=1,2) (v), 
(----) 

'(~=3/2) a nd 

'(~=5/2) ( -.-.-) waves i n  the same e f f e c t i v e  mass i n te rva l  o f  the Fig.1. 

Fig.4 - duldt2 d i s t r i b u t i o n s  f o r  P (----) 
= I 2  - )  ' (~=3/2)  and 

P ( ~ = 5 / 2 )  (-.-e- ) waves i n  the same e f f e c t i v e  mass i n te rva l  o f  the Fig.2. 

I t  must be emphasized, however, t ha t  these s t ruc tures  may not  

be s i g n i f i c a n t  as they occur fo r  la rge momentum t rans fer ,  where the  

v a l i d i t y  o f  the model i s  questionable. 

We a l so  ca lcu la ted the net  slopes (b) f o r  each wave. T a b l e  

(3.1) shows the values obtained f o r  the i n t e r v a l  0. d t, S 0.02 (G~v,) 

f o r  two d i f f e r e n t  ranges o f  i nva r i an t  mass MA++71-. Table (3.2) shows 

the slopes f o r  each wave w i t h  L and J we l l  defined, ca lcu la ted i n  the 

same cond i t ions  as those o f  Table (3.1). I n  t h i s  Table we remark t h a t  

a11 waves but  the PJ=1,2 wave present normal mass-slope c o r r e l a t i o n ,  

t ha t  Is ,  the slope decrease w i t h  the increasing i nva r i an t  mass (M~++~- )  

This abnormal behavior o f  the PJ,3,2 wave happens because the zero oc- 

curs f o r  smal l e r  It, 1 when s ,  increases. 



F ig .  5 F i g .  6 

F ig.5 - da/&, d i s t r i b u t i o n s  f o r  D(J=1,2) (-1 , D(J,3/2) (------I 9 

D(J=5/2) ( - . - e - )  and D (~=7/2) 
( - . . - - e - )  waves i n  t h e  sarne e f f e c t i v e  

mass i n t e r v a l  o f  t h e  F i g .  1 .  

F i g . 6  - d~/dt, d i s t r i b u t i o n s  f o r  D(J=1,2) (-4, D(J,3,2) (-----I  , 

D (-.- .-  ) and D (~=7/2) ( - '  .- '-1 waves I n  t h e  sane e f f e c t i v e  
(~=5/2) 

mass i n t e r v a l  o f  t h e  F i g .  2. 

F i n a l l y ,  t h i s  s e t  o f  r e s u l t s  shows t h a t  t h e  g e n e r a l  i n t e r -  

ferences p r e d i c t e d  by (TCDM) a r e  a l s o  rna inta ined i n  t h i s  p a r t i c u l a r  

case, and g i v e  a  new c o r r e l a t i o n  among p a r t i a 1  waves. 

I n  t h i s  paper we completed t h e  c a l c u l a t i o n s  s t a r t e d  i n  [I]. We 

do n o t  i n c l u d e  here a  comparison w i t h  exper i r ren ta l  r e s u l t s  because, as 



f a r  as we Imow, they d o n ' t  e x i s t .  But the  amp l i tudes  d e r i v e d  here  can 

be employeti i n  a  f u t u r e  a n a l y s i s  o f  the  da ta .  

Table 3.1 - Values o f  t h e  s lopes corresponding t o  t h e  curves o f  d~/dt, 

shown l n  Fig.1 and 2. 

T a b l e 3 . 2  - V a l u e s o f  t h e  s lopes f o r  e a c h w a v e w i t h  (L) and ( J )  w e l l  

d e f  i ned . 

APPENDIX A 

P a r t i a 1  Wave Expansion (PWE) o f  t h e  Subsystem (1+2) o f  a  Generic Reac- 

t i o n  a+b -+ (1+2) + 3 

I n  t h e  D i f f r a c t i v e  D i s s o c i a t i o n  React ion where we h a v e  t h e  

Pomeron exchanged between b and 3, t h e  h e l i c i t y  amp l i tudes  decouple i n  

t h e  h e l i c i t i e s  o f  the  p a r t i c l e s  b and 3 and t h e  h e l i c i t i e s  o f  t h e  d i s -  

s o c i a t i o n  v e r t e x  a + 1+2 (F ig .  ( A I ) ) .  T h i s  f a c t ,  due t o  Pomeron f a c t o r -  



i za t i on ,  enables us t o  w r i t e  h e l i c i t y  amplitudes which do notdependon 

the h e l l c i t i e s  o f  the p a r t i c l e s  b and 3. These amplitudes a re  def ined 

by 

I-+ + + - +  
where p = 1pi /  = (pI(, pa, pb, p 3 ,  6 and 4 are  def ined i n  t h e G o t t f r i e d  

-Jackson system (Appendix A o f  h]) . 

1 Fig.AI - a+b-t(1+2)+3 DDR f ac to r -  

ized by the Bomeron exchangeinto 

the e l a s t i c  ver tex  ( b ~ 3 )  and 

t h e  d i  s s o c i a t  i v e  sub- reaction 

2 a + IP + 1 + 2 .The b l o b  r e p -  

resents the three components: T 

exchange, A++ exchange and p 

b 3 d i r e c t  pole.  

Our purpose i n  t h i s  Appendix i s  t o  develop the subsystem (1+2) 

I n  pa r t i a1  waves. Thus the s ta tes  o f  l n te res t  f o r  our ca l cu la t i ons  do 

not  su f fe r  any i n f  luence o f  (bP3) ver tex ,  The (PwE) o f  the subsystem 

(1+2) can be made through the fo l l ow ing  steps: 

i )  f i r s t  we def ine  the s t a t e  t h a t  has the minimal se t  o f  quantum num- 

bers o f  the subsystem (1+2), 

where X = X 1 - X 2  1s the 
J 

and 2 and DMh (@,e,-$) 

balance o f  hel i c i t i e s  o f  the f i n a l  p a r t i c l e s  1 

i s  the r o t a t i o n  ma t r i x .  The reverse formula i s  

Wlth these expression we now w r i t e  the amplitudes o f  t o t a l  angular 

momentum (J,M) and hel  i c i  t ies ,  



i i )  The (PWE) o f  these h e l i c i t y  amp l i tudes  a r e  w r i t t e n  as  

and t h e l r  reverse  express ion  i s  g i v e n  by 

To d e f i n e  amp l i tudes  w i t h  w e l l  de f ined  P a r i t y  (P) and n o r m a l i t y  (I) we 

i n t r o d u c e  t h e  correspondlng s t a t e s  

where (N12) r e f e r s  t o  t h e  normal i t y  o f  t h e  (1+2) system, 

n,,q2,6, aiid 6, a r e  t h e  i n t r i n s i c  p a r i t i e s  and s p i n s o f  p a r t i c l e s  1 and 

2 r e s p e c t i v e l y ;  vi2 = 0, f o r  J = i n t e g e r  and v 1 2  = 1/2 f o r  h a l f  i n t e g e r  

J .  The p a r i t i e s  o f  the  s t a t e s  d e f i n e d  above a r e  g i v e n  by 

Thus t h e  h s l i c i t y  amp l i tudes  corresponding t o  these s t a t e s  a r e  

(A-1 0) 
From eqs. (A-6) and (A-101, and u s i n g  

we o b t a i n  



i i i )  The p a r i t y  i n v a r i a n c e  i n  s t r o n g  i n t e r a c t i o n s  a l l o w s  us t o  impose 

r e s t r l c t l o m s  on t h e  number o f  independent A- mat r i x  elements. I n  o r d e r  

t o  o b t a i n  these c o n d i t i o n s  we c o n s t r u c t  t h e  2-+3 p a r t i c l e s  h e l i c i t y  am- 

p l  i tudes i n  the  o v e r a l  1  (CMS) . Fo i  l ow lng  ~ e f  .4 and 5 we f i r s t  c o n s t r u c t  

two p a r t i c l e  s t a t e s  w i t h  w e l l  d e f i n e d  J, M va lues  i n  t h e  (CMS). Wi th  
-+ 
p12 = p12 i?, and the  o p e r a t o r  H(p12) r e p r e s e n t i n g  a  boost  i n  t h e  z - d i -  

r e c t i o n  t h e  above the  mentioned s t a t e s  a r e  

We n o t e  t h a t  M i s  t h e  h e l  i c l t y  o f  t h e  subsystem (1,2) because - 
-+ -+ Jz - 

= J.p12/p12. As the  p a r i t y  o p e r a t o r  P  and t h e  L o r e n t z  t r a n s f o r m a t i o n  

o p e r a t o r  H(p ,,) comrnute, and 

J-h 2 

P I ~ ; J  M,AIX,> = ~ l O 2 ( - l )  IP;J M,-Xl,-X2> (A-13) 

we have f o r  the  twc p a r t i c l e  s t a t e s  (A-12) 

(A- 14) 

we can t h e r e f o r e  c o n s t r u c t  t h e  s t a t e s  

A  convenient  frame f o r  our  
-+ -+ 

= and p12 = p 1 2 S  

I n  t h i s  p a r t i c u l a r  frame we 

accord ing  t o  Refs. 4 and 5, 

immediate purposes i s  ob ta ined  choosing $ = 
a 

i n  t h e  o v e r a l l  (CMS), as shown i n  F i g .  A-2. 

can d e f i n e  t h r e e - p a r t i c l e  h e l i c i t y  s t a t e s ,  

. . 
(A- 1 6) 

F ig.A-2 - (CMS) f o r  a+b -+ (1+2) + 3 
-+ -+ 

r e a c t i o n  where I Pa I = Ip / and 
-+ -+ -+ -+ 

b  

IP,! = b121 = IP, + P,/ 



3 3 
We have p,:! (8=0, $=O) = -p,, thus the hel i c i  t y  o f  these s ta tes  i s  

A = M-A,. 

As discussed i n  the beginning o f  t h i s  Appendix, the spins of 

p a r t l c l e s  I@) and (3)  a re  immaterial f o r  our purposes, w h i c h  i s  

equivalent  t o  assume Xb = A3 = O (due t o  the h igh  energy cond i t ions) .  

We can now w r i t e  the h e l i c i t y  amplitudes i n  the referenceframe 

def ined by Fig. A2, whose (PWE) i s 

+ 
i f  j ( t o t a l  angular mornenturn) and jz are conserved quant i  t i e s .  

As the p a r i t y  i s  conserved, s i m i l a r l y  t o  the reac t ions  w i t h  two 

p a r t i c l e s  i n  the f i n a l  s tates,  and observing tha t  M i s  the h e l i c i t y  o f  

the subsys1:em (1,2), we have 

where J-b 
a 

l-l = nan12 (-1) (A-1 9) 

and 

From eqs. (A-17) and (A-18) we ob ta in  the f o l  lowing symmetry r e l a t i o n  

-t + 
where the product ion plane (def ined by pa, cb and p,) was f i x e d  as the 

xz-plane, ii.e., m o  =O. Returning t o  the Gottfr ied-Jackson system, the 

above r e l a t i o n  reads, as we intended t o  ob ta ln  



and us l ng eqs. (A-1 1 ) and (A-22) 

i v )  Other r e l a t i o n s  may be given by the normal i t y  o f  the s ta tes  (I). 

From eq. (A-7) we have 

which impl ies the fo l l ow ing  r e l a t i o n s  f o r  the amplitudes (A-IO), 

v )  From the r e l a t i o n s  obtalned above we have the h e l í c i t y  amplitudes 

f o r  (DDR), consequently v a l l d  f o r  our model, i n  the (G.J.S.). Due t o  

Jacob-Wick conventions used here, i t  has an e x p l i c i t  phase f a c t o r  

where A =h, -h,. With t h i s  property the amplitudes (A-1 1) can bewr i t ten  

a s  

v i )  H e l l c i t y  amplitudes f o r  we l l  def ined J, L, N and P o f  t h e  ( l + 2 )  

system. 



we def ine  the corresponding amplitudes 

Henceforth we consider on l y  the  case 0, = O. I n  such a case, 
n on 

A, = O and X = X . Using CXIOhl = 1, and the r e l a t i o n  
1 1 1  

and eq. (A-25) we obta i n  f rom eq. (A-29) 

Expressions (A-22) t o  (A-30) g i ve  the r e l a t  ion 

v i  i )  Par t ia1  wave cross- sect ions 

Relat ions (A-1 1) and (A-29) may be inver ted  t o  g i ve  

and 

From o r togona l i t y  r e l a t i o n  f o r  r o t a t i o n  matr ices,  

we ob ta in  



Using now the cornpleteness relation for Clebsh-Gordan coefficients 

we have 

JM+ JM- AJM+ + AJM- 
1 I A h A h + A A h h 1 2 =  r I (zb)Xa (Lb)ha 1 (A-37) 

1 2 a  1 2 a  
A112 L, L5 

From eqs. (A-35) and (A-37) we obtain 

The corresponding cross-sections are 
1/2 ' 

d a  A tslm:,m~) 1 JM JM- 
- =  c i ds, dt P 1 1 T JM 1 ~n 11 A ( ~ b ) ~ a + A ( ~ * ) ~ a  1 

Aa 

(A-38) 

In the particular reaction pp + ( ~ + + n - ) ~  we have b l  = 3/2, b2 = 0, b a = 

1/2, q l  = + 1 ,  q 2 = - 1 ,  qa = +I, v,, = 1/2, and consequently N,, = +1 

and 0 = + l .  
Eq. (A-30) gives 

AJM- JM+ - JM- JM+ 
(L=J-3/2)ha = A ( ~ = ~ - l / 2 ) ~ a  - A ( ~ ~ + l / 2 ) h a  = A(~=~+3/2)â = 0 

(A-39) 

and 
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Resumo 

i i j t e  a r t i g o  6 uma cont inuação de " D i f f r a c t i v e  D i s s o c i a t i o n  i n  
p p  -+ A": P. I - ~ l o ~ e - ~ a s s - ~ o r 9 ~ ' ~ ' ~ ' .  Calculamos as ampl i tudes em on- 
das p a r c i a r s ,  e apresentamos os r e s u l t a d o s  o b t i d o s  para a c o r r e l a ç ã o .  

i n c l i n a ç ã o  d i f r a t i v a  - massa e f e t i v a  - ondas p a r c i a i s .  


