
Revista Brasileira de Flsica, Vol. 13, nQ 3, 1983 

Diffractivê! Dissociation in pp + A* n p .  I. Slope-Mas-Cos OG*J. Correlation 

A.C.B. ANTUNES 

Instituto de F'ísiw, Universidade Federal do Rio de Janeiro, Caixa Postal 68528, Rio de Janeiro, 
21910, RJ, Brasil 

and 

A.F.S. SANTOSO, M.H.G. SOUZA 
Centro Brasileiro de Pesquisas Físiws, Rua Dr. Xavier Sigaud 150, 22290, Rio de Janeiro, RJ, Brasil 

Recebido em 17 de janeiro de 1984 

++ - 
Abstract We have made t h e  complete c a l c u l a t i o n  f o r  p p + A  .rr p d i f f r a c -  
t i v e  d i s s o c i a t i o n  r e a c t i o n  a t  h i g h  energy i n  t h e  framework o f t h e T h r e e  
Component!; Deck Model. Th is  ç a l c g l a t i o n  s u f f e r s  f rom some d i f f i c u l t i e s  
o r i g i n a t e d  by t h e  (3/2+, 3/2 , 1 ) v e r t e x  t h a t  appears i n  one o f  t h e  
component:;. We g i v e  the  main t e c h n i c a l  d e t a i l s  and so t h i  s p a p e r  r e -  
malns e s s e n t i a l l y  t e c h n i c a l .  Our conc lus ion ,  based on the  r e s u l t s  ob- 
ta ined ,  i:; t h a t  t h e  s t r u c t u r e s  o f  "zeros" o r  d i p s  p r e d  i c t e d  b y  t h e  
Model can n o t  be a n a l y t i c a l l y  seen because o f  t h e  c o m p l e x i t y  o f  t h e  
formulae invo lved .  But we have performed numer ica l  c a l c u l a t i o n s  f o r  
severa1 d l s t r i b u t i o n s .  A s t r o n g  i n t e r f e r e n c e  among t h e  threecomponents 
may appear accord ing  t o  a p a r t i c u l a r  cho ice  o f  t h e  parameters. 

1. INTRODUCTION 

I n  t h e  l a s t  years, the  D i f f r a c t i v e  D i s s o c i a t i o n  R e a c t i o n  

(DDR) i n  s t r o n g  i n t e r a c t i o n s  was almost e x h a u s t i v e l y  s t u d i e d  f rom a 

phenomenological p o i n t  o f  view'.  A t  h i g h  energy, these r e a c t i o n s  have 

p e c u l l a r  c h a r a c t e r i s t i c s  and a r e  i n t r i n s i c a l l y  assoc ia ted  t o  t h e  vac- 

uum o f  t h e  Regge Theory ( t h e  Pomeron-(P ) ) . M o r e  r e c e n t l  y t h e r e  has 

been an inc reas ing  i n t e r e s t  i n  Quantum Chromodynamics, o r  i n  genera l ,  

i n  t h e  r e s u l t s  o f  gauge t h e o r i e s .  As a consequence exper imenta l  and 

phenomenological works show a c l e a r  o r i e n t a t i o n  i n  t h e  senseo f  t e s t i n g  

such t h e o r i e s .  But (DDR) and, in  genera l ,  d i f f r a c t i v e  aspects  o f  hard 

s c a t t e r i n g  e x h i s t  and dominate h i g h  energy regime and many p r o b l  ems 

a r e  undef i i ied.  We t h i n k  t h a t  i n  t h e  n e x t  f u t u r e ,  a s o l i d  b r i d g e  m u s t  

be cons t ruc ted  between Quantum Chromodynamics and Regge b e h a v  i o u r  . 



Perhaps the Dual Topologlcal u n i t a r i t y 2  i s  an adequate approach, fo r  

i t  adds dual i n te res t i ng  aspects. I n  t h i s  sence, the vacuum of  several 

theor ies  and d i f f e r e n t  po in t s  o f  view must be u n i f i e d .  

I n  t h i s  paper we have concentrated i n  a  p a r t i c u l a r  (DDR) 

o r  the spin p a r i t y  s t ruc tu re  

(1/2)+ (1/2)+ + (3 /2 )+  (0)- (1/2)' (2 )  

i n  the scope o f  the Three Components Deck Model (T C D M ) ~ .  This model 

has been very successful i n  descr ib ing  experimental r esu l t s .  l t s  main 

success cons is ts  i n  the desc r i p t i on  o f  rnass-slope-angular c o r r e l a t i o n  

phenomena tha t  appears d i f f e r e n t l y  i n  each p a r t i c u l a r  react ion.  These 

e f f e c t s  are not  understood i f  we do not  consider the three components 

con t r i bu t i ons .  I n  t h i s  sence the net  slope given by (T C D M )  i s  a  

consequence o f  the in ter fe rence o f  these cornponents d i c ta ted  by spin-  

- p a r i t y  s t ruc tures  f o r  each reac t ion .  

We have performed many ca l cu la t i ons4  f o r  several r e a c t  i ons .  

Our resul  t s  have i ndeed conf i rmed the expectat ions o f  (T C D M) . I t 

has been ~ h o w n ~ ~  tha t  i t  i s  essent ia l  t o  consider d u a l i t y  i n  (T C D M) 

because i t  i s  the on ly  co r rec t  treatrnent f o r  the three channel and 

gives r e s u l t s  t ha t  a re  comparable w i t h  experiments. I n  order t o  apply 

i n  a l i  cases the main ideas o f  t h i s  rnodel, i n  the present case we have 

f i r s texa rn ined  themodel  w i t h o u t d u a l l z a t i o n f o r  reac t ion  (1) .  This 

means tha t  we are  present ly  in teres ted on ly  i n  the in ter fe rence rnech- 

anism a t  the leve1 o f  the h e i i c i t y  amplitudes w i t h  the Born terms. 

I n  next sect ion we t r e a t  each p a r t i c u l a r  ver tex  involved i n  

i n te rac t i on  (1) .  The p a r t i c u l a r  Delta-Delta-Pomeron (AAP) ver tex  w i t h  

spin - par i  t y  (f) s t ruc tu re  (3/2+, 3/2+, 1-) gives a  very compl icated 

con t r i bu t i on  t o  our amplitude, and t h i s  c a l c u l a t i o n  i s  one o f  the main 

features o f  t h i s  paper. To take i n t o  account a  l 1 d  i f f i c u  1 t i e s  and 

there fore  completely solve the problern, we w i l l  be ob l iged t o  do a  l o t  

o f  de ta i l ed  ca lcu la t ions ,  making t h i s  paper a  very technical  one. But 

the s o l u t i o n  o f  t h i s  case i s  very important t o  complete thesystemat ics 

o f  the (T C D M) f o r  a l l  (DDR). Further we ca l cu la te  the (AAP) ver tex  

from a general hypothet ical  reac t ion  A-hadron e l a s t i c  w i t h  P-exchange. 



The p r i n c i p a l  hypothesis used t o  ob ta in  the most simple tensor s t ruc -  

t u re  o f  the cFiW t ha t  represent the ver tex  (AA E'), i s  the 3- channel- 

- h e l i c i t y  conservation (SCHC) f o r  (P) -exchange, and the Photon - P - 
-anatogy (PA) o r  v e c t o r i a l  coupl ing  hypothesi s (VCH) To ob ta in  the 

q u a n t i t a t i v e  value o f  gAAPcoupling constant we use the opt ical  theorem 

and gAApdepends on l y  on the  experimental asymptotic cross-section. I n  

sec t ion  3 we describe the (T C D M) and i t s  app l i ca t i on  t o  p p + ~ + + ~ - p  

react ion .  We a l so  g ive  the cur rents  used i n  each component  o f  t h e  

(T C D M) which are  the a-exchange o r  t,-channel , the A-exchange o r  u, 

-channel, and p-direct-pole-exchange o r  s, channel components,respect- 

i v e l  y re fe r red  here as T, U and S-components. These three componen t s 

are  coherant ly  added t o  g i ve  the t o t a l  amplitude A .  In  sec t ion  4 we 

de f i ne  the hel i c i t y  amplitudes w i t h  t h e i r  h igh e n e r g y  approximations 

(HEA). The h e l i c i t y  amplitudes are  given i n  the end o f  t h i s  sec t ion  4 

as a f unc t i on  of the invar ian ts ,  masses, angles and knowncouplingcon- 

s tan ts  only.  

F i n a l l y ,  sec t ion  5 i s  devoted t o  the  discussion o f  the  main 

po in t s  and t o  our f i n a l  conclusions about t h i s  a p p l  i c a t  i o n  o f  t h e  

(T C D M). A set o f  technical  appendices (A,B,C,D and E)  w i t h  the de- 

t a i l e d  ca l cu la t i ons  i s  given. I n  order t o  read the paperwi thoutca lcu-  

l a t i ons  we can f o l l o w  the t e x t  and fo rge t  these appendices. The k i n -  

e m t i c a l  n o t a t i o n s  a r e d e f i n e d  i n a p p e n d i x A ,  the3/2-wave f u n c -  

t ions  i s  g iven i n  appendix 8,  cur rents  and coupl ings i n  a p p e n d i x  C ,  

the behaviour o f  cur rents  a t  high-energy cond i t ions  i n  append i x  D 

and tables o f  useful  formulas i n  appendix E 

In  a next paper we w i l l  present a 

the h e l i c i t y  amplitudes. This í s  very impor 

interferentes and, consequently, the slopes 

pa r t i a1  wave expansion o f  

t an t  i n  order t o  study the 

i n e a c h p a r t i a l  wave as 

appears i n  severa1 experiments. 

2. THE HELICITY CONSERVING A A I? COUPLING 

As we emphasize i n  the  in t roduct ion ,  t h e  v e r t e x  (A@)-  - (3/2+, 3/'2+, 1-) (~f) i s  the  p r i n c i p a l  compl icat ion o f  t h i s  paper. 

Then, we decide t o  begin w i t h  t h i s  po in t  and e x p l i c i t l y  ca l cu la te  the 

s t ruc tu re  o f  t h i s  t enso r i a l  ver tex  cFiva. The complete formof c'~' can 

be found i n  reference 6. But, w i t h  some hypothesis - see below - wecan 



a r r i v e  a t  t h e  s imp les t  form f o r  cuVa which i s  more adapted t o  o u r  prob- 

lem. T h i s  f o r m w i l l  b e a p p l i e d  t o  ( T  C D M )  when t r e a t i n g  t h e  

p p  + h++np (DDR), as we w i l l  see i n  t h e  n e x t  s e c t i o n .  I t  i s  w e l l  known 
7 

t h a t  t h e  (sCHC) f o r  E?-2xchange í s  exper imenta l  l y  v e r i f  i e d  f o r  h i g h  e- 

nergy phenomena. The c u r r e n t  assoc ia ted  t o  d i f f r a c t i v e  subreac t ion  

Ap -+ Ap (see f i g .  A I  b) i s  ob ta ined  i n  appendix C (C-12), through t h e  

(V C H) f o r  t h e  Pomeron. Therefore we must impose t o  i t  t h e  (scHC). To 

do t h i s ,  l e t  us consider  a h y p o t h e t i c a l  d i f f r a c t i v e  e l a s t i c  r e a c t i o n ,  

A(p) + h ( g )  + A(p ')  + h ( q  I ) ,  where h can be a p i o n  o r  a  nuc leon and t h e  

p,  q, p '  and q '  stand f o r  t h e  assoc ia ted  4 -vec to rs .  I n  a11 cases t h e  

c u r r e n t  connected t o  h- I@-h v e r t e x ,  f o l  l ow i  ng eqs. (c.3) and (D. 101, i s 

g i  ven by 

B 
Jhh(4',4) = 

B 

where 
1 Q = 7  ( q + q t )  

The h e l i c i t y  amp l i tudes  f o r  t h i s  r e a c t i o n  
B 

p r o p o r t i o n a l  t o  t h e  c u r r e n t s  s c a l a r  product ,  JAA(X1 

t h i s  f a c t ,  s p a t i a l  r e f l e x i o n  ( S R)  and t ime reversa  

, AG(A1,A) a r e  

,A) Jhh . We use 

1 symmetries i n  o rder  

t o  e s t a b l i s h  the  h e l i c i t y  s t a t e s  independent ly  o f  t h e  p a r t i c u l a r  form 

o f  equat ions (C-12). So we o b t a i n  t h e  f o l l o w i n g  r e l a t i o n s  between d i f -  

AAh(X,Xi) = (-1) ( A ' - h ) ~ A h ( h i  ,h) (5) 

B Looking t o  t h e  c u r r e n t  J ~ ~ ( X I , X )  and t a k i n g  i n t o  account r e l a t i o n s  (4) 

and ( 5 ) ,  we have a subs tan t  ia1  reduc t  i o n  o f  t h e  number o f  ampl i tudes, 

i .e . ,  f rom s i x t e e n  t o  s i x  independent ones o n l y .  Using the  s u b s i d i a r y  

c o n d i t i o n  (8- 2) ,  p' $(+)(p,X) = 0, t h e  APA c o u p l i n g  can be w r i t t e n  as u 

where 

and P = ( p p r ) / 2 .  



Now, from the e x p l i c i t  Rarita-Schwinger wave func t ions  i n  

the hel l c : i  t y  and rnomentum representat ion (9-21) and the coupl ing  (6), 
we may w r i t e  the independent cur rents  as 

- - ri- B 
+ (213) (E G ~ ~ ~ E ~ + u + u +  + g l ~ r i o ~ + ~ + ~  U+ 

I.ie (8b) 

B - - B E% y u+) J (-112,312) = ( 1 1 3 ) ~ ' ~  ( E ~ - G ~ ~ ~ E ~ + ~ + U +  + gIEri- + + 

B - ri- B 
J (-3/2,312) = G ~ ~ ~ E ~ + Ü - u +  + gl~II-~+u-y U+ ri- 

where, f o r  the sake o f  shortness, we have used the fo l l ow ing  no ta t i on  - 
f o r  wave func t ions :  u(p,+1/2) = u,, ~ ( ~ ' , + 1 / 2 )  = i+, ~ ( p , + l )  = 

E, , - 
~ ( p ,  0) = E ~ * ( ~ ' , ' l )  =E+  and &*(p1,0) = E . o '  - o 



To obtain these expresslons in the diffractive limit we make 

use of the (H E A)  (eqs.D-6,7,8) and (D-13). These approximat ions makes 
B -6 B it possible to neglect terms containing E+ or E+ in face of P , since 
- B  - when they are contracted with QB, we have E (p,*l)QB = EB* (pl ,i1 )QB 

B 
3 i (-t/2) '12/2 and P QB 2 (~12). Then, in these condi t ions, the cur- 

rents (8) can be written as 

where V(A1,A), for each pair (hl,A), is given by 

1 1 1 t 
V(-1/2,3/2) = (113)'" (- ; g2 - g3 + r (m + --) g,} 

(1 O )  

V(-3/2,3/2) = - g,/8 

and m = mA. We take now these expressions to impose the helicity con- 

servation, annihilating the currents which do not exhibit itexplicitly 

in the region def ined by Itl << m2. This procedure resul ts in 

4 g, = O, g3 = g, and g2 = - 2 rn 91 (11) 

And with these values we can rewrite expression (9) as 

B J~(AI,A) e 2 g , ~  sAIA (12) 

(Note that only V(-1/2,1/2) has a neglegible term ' t 2 t / 3 m 3  giving a 

little helicity violation. But in the limit considered above, this is 

a good approximation). Now if we take eq.(ll) into account in Eq.(C-121, 

the corresponding coupl ing (as eq.(6)) with helicity wnservation reads 



We w i l l  see i n  the fo l l ow lng  how we can estimate the value o f  t h i s  

constant. 

Let us consider now a general e l a s t i c  reac t i on  l i k e  

From o p t i c a l  theorem f o r  unpolarized reac t ion  we have 

1 1 imA(s,t=O;(A A )  (A A )  ) = 
(2ba+1 ) (2hb+l ) a ' b i  a ' b f  

â X b  

I t  i s  wel l  known tha t  a t  h igh  energy and p a r t i c u l a r l y  f o r  the d i f f r a c -  

t i v e  region, where s>>mi, mb, t, the d i f f e r e n t i a l  cross çec t ion  behaves 

as a s t  roi igl y  durnped exponent i a  1 . Using the hab i tua l  p a r a m e t r i z a t i o n , ~  

have 

where t h i : j  constant i s  d ~ / d t (  t=O ' 

.te. ebt (16) 

I n  t ha t  physical  region the scat-  

t e r i n g  amplitudes f o r  hadronic e l a s t i c  reac t ion  a re  mainly pure ly  i m -  

aglnary and can be described byporneron exchange
l

. Here we have con- 

sidered the (PA)', i .e . ,  theporneron couples t o  the hadrons as a spin 

one objecit, so tha t  the corresponding hadronic cur rents  are  v e c t o r i a l .  

The corresponding hel i c i  t y  ampl i tudes f o r  react  ions (14) have the 

fo l l ow ing  form 

i B 
A(s,~;~,A~;A;,A;)  = f ( t )  J ~ ( ~ , x ~ ) J  (h; ,~~) 

where f ( t )  i s  a f unc t i on  which contains a11 informat ion a b o u t  

change, and the two cur rents  i n  the d i f f r a c t i v e  region are  

JB(Aa,Q) = 2 gaap PB 6AlA 
a a 

J (A1,A ) = & 6 B b b % b ~  f3 h&, 

wheregmp gbb, are the Porneron coupl ing constants w i t h  the hadrons a 

a n d b , P = : $ ( p + p ' ) a n d Q = ~ ( q c q l ) . A s i n  2 ( H E A ) ,  P . Q E  8 / 2  and 

X(s,rn2 ,m2) " s2, f rom eq. (1 7) we have a b  



A(s,t;Xa,Xb;A;,Ab) = i gnap gbbp f ( t ) s 6 X 1 X  6 (19) 
a a 'ISAb 

and p u t t i n g  t h l s  expression i n t o  eq. (15) we obta in  

g a a ~ g b b ~  f ( " )  = 'TO? (20) 

1 i tude (1 9) i n  the general expression (A-45), and 

(16), we ob ta in  

f ( t )  = f(0)  e 
b t / 2  

(21 

Now, replacing the arnp 

by comparison w i t h  eq. 

Choosing f ( O)  = 1 the arnpl i tudes (17) become 

B 
A(s,~;x~,A~;x; , " )  = i ebW2 J~(A;,A~)J (A;,x~) 

As we said above, t o  determine the constant $7, = gAm we use r e l a t i o n  

(23). I n  our case we have the reac t ion  Ap -+ Ap , then gaap = SAm and 

gbbp = SNpJp and, i f  we know uTo? , " and " we have the des  i r e d  

value o f  gAm . Other react ions can be found by comparison and, w i t h  

other re la t i ons ,  we can est imate the best value. 

3. THE THREE COMPQNENTS DECK MODEL FOR pp + A++ 77-p REACTIONS 

I n  former ca l cu la t i ons 3 the existence o f  t h e  " z e r o s "  o r  

"dips" i n  the (T C D M) ampl i tudes as a consequence o f  t h e  i n t e r -  

ference between the three components o f  t h i s  rnodel, was displayed i n  

complete agreement w i t h  the experimental r e s u l t s 8 .  Each amplitude has 

i t s  slope behaviour. But the inter ference among the th ree termsgivesan 

e f f e c t l v e  slope and a mass-cos8G'J'-slope co r re la t i on .  On the o ther  

hand, these inter ferences produce a min imum (iizerosi') i n  the ampl i tude 

and consequently i n  the d i f f e r e n t i a l  cross-sections. 

I t  1s exper imental ly  known tha t  the s t ruc tu re  o f  the i n t e r -  

ferences changes f o r  each reac t ion .  I n  our  model these changes proceed 

d i r e c t l y  from d i f f e r e n t  s t ruc tures  o f  sp in- pa r i t y  o f  the  p a r t i c l e s  

involved. There a re  some react ions  where these i n t e r f  e r e n c e s  a r e  



stronger, e.g. pp+n.rrp 3 a  and other react ions,  where we on l y  see the 

"zeros" c'r a d i p  i n  some pa r t i a1  waves. This i s  the case i n  KN + KpN, 

K"7i.N '. l h e  main In te res t  o f  the present ca l cu la t i ons  f o r  pp -+ ~ + + n - ~  

tak ing  I n t o  account t h e i r  sp in  s t ruc ture ,  i s  t o  v e r i f y  how these com- 

p l l c a t l o n s  coming from the spins a f f e c t  the inter ferences above  men- 

t ioned. So i t  i s  very natura l  t o  extend t h i s  study f o r  pp  -+ A + + T - ~  

d l f f r a c t i v e  d i ssoc ia t i on  reac t lon  by the (T C D M ) .  To complete the test 

o f  t h l s  model and f o r  a f u t u r e  general i za t i on ,  we need t h e s e  calcu- 

l a t i o n s  w i t h  a l l  d i f f i c u l t i e s  coming from the MP-ve r tex .  The three 

graphs represent ing the (T C D M) are given i n  f i g .  A I .  I n  t h i s  model 

the t o t a l  amplitude r e s u l t s  from the add i t i on  o f  each component cor-  

respondin'g t o  the graphs o f  f i g .  AI (a) ,  (b) and (c ) .  Besides, each 

term i s constructed f rom the Born termof thellsp -+Av subreact ion times a 

term represent ing the P-exchange f o r  the d i f f r a c t i v e  pa r t ,  i .e. ,  the 

correspondent e l a s t i c  off-mass-shell  subreac.tlon. I t  i s  evident  tha twe 

must take i n t o  account the spin o f  a l l  p a r t i c l e s  involved. I n  f a c t , t h i s  

po in t  1s very important i n  the context  o f  t h i s  p a p e r ,  because  t h e  

existence o f  the "zeros" proceeding from the i n t e r f e r e n c e s o f t h e  three 

terms, vei-y dependent o f  spin s t ruc tu re  o f  the amplitudes, i s  not  e v i -  

dent. We adopt the form commonly used f o r  thePomeron amplitude, P = 

=isu me 
T 6 t z ' 2 .  The two "pararneters" uTm and b correspond t o  rhe asymp- 

t o t i c  cross sect ion and the slope o f  the d ~ l d t ,  d i s t r i b u t i o n  f o r  each 

e l a s t i c  d ' l f f r a c t i v e  subreaction re la ted  t o  the three terms. The sub- 

react ions are  o f f - s h e l l ,  but i n  the k inemat ical  region o f  interest, i .e., 

near the poles i n  t ,  (r-exchange pole)  , i n  u ,  (A-exchange pele) and s ,  

(p -d i rec t  pole)  , they can be approximated by on-shel l ones. 

I t  i s  important t o  cal1 the a t t e n t i o n  on the l i m i t  o f  v a l -  

i d i t y  of the model i n  the kinematlcal region where i t  was constructed, 

i .e., near the poles i n  the sl, tl and u l  channels. Any ex t rapo la t i on  

fo r  other physical  regions f a r  from the threshold o f  the resonances i n  

SI, would imp l ica te  a Dual-Reggeized ampl i tude
3
.  From f i g .  A1 we see 

tha t  t he rea re  four d i f f e r e n t  ver t i ces ,  t h e  (pPp),(.irE%), (QPA) and ( p a r ) .  On 

the (pPp) ver tex  ihe nucleons are  on she l l  i n  a l l  three components,cor- 

responding t o  the " d i f f  r ac t  i ve  vertex" . I n  (HEA) t h i  s  ver tex  behaves 

as ( v m )  one (equations (C-3) and (D-10)). So, i t  does no t  c o n t r i  bute 

t o  the h e l i c i t y  s t ruc tu re  o f  the amplitude. In  the three other ver tex  



there i s  always one o f f - s h e l l  p a r t i c l e .  The co r rec t i on  o f f- on- she l l  i s  

introduced by the aiTm and bi parameters re fe r red  above. This procedure 

avoids the in t roduct ion  o f  add i t i ona l  form- factors func t ions  tha t  cer -  

t a i n l y  w u l d  destroy any in ter fe rence mechanism. 

Due t o  the common ver tex  (pQ) i n  the three components we have 

a  cur rent  

obtained i n  appendix D. I t s  (H E A )  i s  gíven by eq. (D-10) and using 

nota t  ion (A-2) 

And fo r  (ídEP?r) vertex, f o l  lowing eqs. (C-3) and (A-2) we have the cur-  

ren t 

and fo r  (prA), f o l l ow ing  e q . ( ~ - 2 1 ,  we have 

Wlth these currents,  the amplitude f o r  tl-channel o r  T-component can 

be w r i  t t e n  (using eq. (23)) as 

where 

and 

t 
l b  t 
2 ITN 2 

g (t2) = uTot (nu) e 

For the sl-channel, the (m) ver tex  gives a  cur rent  s i m i l a r  t o  eq.(24) 

And t o  (&r) ver tex  corresponds a  cur rent  



The corresponding amplitude, f o l l ow ing  e q s .  ( 2 3 )  a n d  ( A - 2 )  c a n  be 

wr i t t e n  as; 

s = a .S qU(pl ,h1)p2'@ + m a ) & 4 ( ~ a , ~ a )  
Ibh, 

(32) 

where 

and 

F l n a i l y ,  the component coming from u,-channel contains the A-propagator 

(see e q . ~ - 1 4 )  and the (@A) vertex,  (ca lcu la ted i n  the previous sec t ion  

2) so 

where 

Now w i t h  the var iab les  defined i n  appendix A we w r i t e  the ul-channel o r  

U-component amplitude 

where 

and 

2 1 1 
Avo(k) = gva - - k k - - y y + - (k Y -k y ) 

tm: v a  3 v u  3m1 v u  o v  (41 

Then, the t o t a l  amplitude o f  the (T C D M) i s  obtained adding the three 



components (eqs. 28, 32 and 38) above 

As we can see, t h e  n o n - d i f f r a c t i v e  p a r t  (o r  t h e  p ~ - f h + + ~ - )  i s  n o t  

a f f e c t e d  by t h e  s p i n  s t r u c t u r e  coming f rom (m) " d i f f r a c t i v e  v e r t e x  " 

represented by 6hbh3. $O we can pass over  t h i s  f a c t o r  i n  t h e  h e l i c i t y  

ampl i tudes,  which i s  e q u i v a l e n t  t o  n e g l e c t  t h e  s p i n  e f f e c t s  o f  the  par -  

t i c l e s  b and 3 i n  (H E A ) .  

4. APPROXIMATIONS ON THE HELICITY AMPLITUDES IN THE DIFFRACTIVE REGION 

I n  t h i s  s e c t i o n  we p resen t  e x p l i c i t  forms f o r  t h e  h e l i c i t y  

ampl i tudes i n  the  (H E A ) .  The ampl i t u d e  (28) wi t h  the  approx imat ion  

(A-17) can be w r i  t t e n  as 

I n  t h e  equa t ion  (32) f o r  sl-channel h e l  i c i t y  ampl i t u d e ,  we have ($+ma)41 

= 2R.p + W(ma-$1 where R.p = R.pa+R. (pb-p3). But as R. (p  -p ) = 0, then 
b 3 

2R.p = R. (p+p ) = 2R.K. The amp l i tude  then  becomes 
a 

W i  t h  D i r a c  equa t ion  and t h e  energy-momentum conserva t ion  we o b t a  i n 

(ma-$)u(pa) = ($a-$)u(pa) = ($,-$b)u(pa); then,  w i t h  t h e  s u b s i d i a r y  

c o n d i t i o n  (8-2)  t o g e t h e r  w i t h  eqs. (A-18) and (E-4) we o b t a i n  

.+ i 
IP, I 

s = s  S $v(pl,hl)pLi{~+i- s i n a k 3 '  + uo3  s i n a  - U ~ ~ C O S ~ ] }  (pa,Aa) (45)  
2% 

For compactness we w r i t e  now t h e  h e l i c i t y  amp l i tude  (38) as 

Using express ions (36,411 t o g e t h e r  w i t h  t h e  D i r a c  and R a r i t a -  S c h w i q e r  

equat ions (8-8,l) and t h e  s u b s i d i a r y  condi  t ions  (8-2,3), we o b t a i n  ( see 



Table E-1 where t h e  ri, v .  and 8 .  a r e  de f  ined)  
2 2 

From the r e s u l t s  (A-9) t o  (A- 16)  w i t h  the approx imat ions 

(A- 17)  t o  (A- 20)  and ( € 4 )  



(51 

Fol lowing eq.(42) w i t h  the cornponents (43,45,51), the h e l i c i t y  ampl i-  

tudes read 

+ ( r &  - 3s ) p q  (o3'  + uo3 s ina  - ool cosa)u(pa,ha) 

(52) 
With e x p r e s s i o n  (E-10) we ob ta in  

R =(S/Z%) (yD-s inayl-cosay3) (53) 

and the amplitudes may be w r i t t e n  as 



These ampl itudes may be ca lcu la ted  expl i c i t l y  u s i n g  t h e  r e s u l  t s  

(E-6,7) and (8-21) and r e s u l t s ,  

s e + O'+ ' 6  lpa 1% Re(?3/2, ?1/2) = - 2 í.íl sina sin4 F5 tos($ -e21pal [y 
sl + 3 11 

(55-a) 
lm(+3/2, +1/2) = Iml + s2 Im, + s3 Irn, + Im, cosig (55-b) 

(56-a) 

1m(;3/2,11/2) = 1rnJ + s, 1m6 + s3 ~m,  + ~m,  cosig (56-b) 



tm(+1/2,11/2) = ~ m ,  + s,  ~m,, + s ,  Im,, + Im12 cos4 (57-b) 

s s i n a  siri+ {ulrl;21 r6 -+ 

~e( ;1 /2 ,+1 /2)  = G+ 0, - 1 ~ ~ 1 ~ ~ 7 ~ 2  

Jb 



7 

+ rioK r ,  bal s 
- 0 [- - - V , ] ]  U '  s i n a  

6 3 

r 1 6 1 
+ 2 E3vl  s i n ( e l 2 )  + v, lcale,J c+ - E5v2e, - e,] > 

2s 1 1 



5. RESULTS AND CONCLUSIONS 

This paper contalns many extense ca l cu la t i ons .  I n  order t o  

make i t  easy t o  read, we have found necessary t o  describe these calcu- 

l a t i o n s  i n  great  technical  de ta i  1 .  Besides, the case o f  pp + ~ + + ? r - ~  

reac t i on  i s  no t  t r i v i a l l y  ca lcu la ted i n  the framework o f  (T C D M ) .  So 

i n  t h i s  case i t  i s  no t  poss ib le  t o  ob ta in  q u a l i t a t l v e  I n f o r m a t i o n s  

from (T C D M) wi thout  performing numerical ca l cu la t i ons .  This i s  

presented below. On the o ther  hand we need t o  t e s t  whether the general 

p red ic t lons  o f  the (T C D M) are  mantained a t  l eas t  q u a l i t a t i v e l y  i n  

the present case. We r e c a l l  t ha t  these a re  the existence o f  the "dips" 

i n  da/dt2 o r  "zeros" i n  amplitudes i n  windows o f  i nva r i an t  mass M , 
1 2  

and C O S B ~ ' ~ ' .  This i s  the slope-mass-cosBG'J' co r re la t i on .  O r  f o r  cer-  

t a i n  processes slope-mass-partia1 wave co r re la t i on ,  as observed exper- 



imenta l l y
g
.  The p r i n c i p a l  hypothesis and approximations used i n  our 

model, throughout the ca l cu la t i ons  presented here, a re  

( i ) concerning the (DDR), i t  i s  evident  t ha t  i n  general we consider 

the (H E A)  (eq.(A-6)). These approximations, i d e n t i f i e d  as d i f -  

. f r a c t i v e  region fo r  hadron-hadron, appear i n  a l l  ca l cu la t i ons  and 

a t  a11 leve ls ,  so tha t  the f i n a l  amplitude obtained 1s r i go rous l y  

va l  i d  i n  these cond i t ions  which are  the experimental c o n d i  t i o n s  

f o r  (DDR) data. 

( i  i) The (T C D M) considers on l y  the three Born terms, corresponding 

t o  the graphs presented i n  Fig.Al .  No more components and ex t ra  

-e f f ec t s  such as backgrounds, threshold e f f ec t s ,  form fac tors ,  

resonances eventual l y produced i n  physical  regions cons  i d e r e d  , 
etc . ,  a re  added t o  our model. The appl i cab i  l i t y  o f  the (T C D M ) 

and comparab i l i t y  w i t h  experlmental data f o r  a l l  d i s t r i b u t l o n s a r e  

possib le when we can dua l i ze  i t  i n  order t o  avoid double counting, 

as i t  has been done i n  e a r l i e r  papers3. I t  i s  very d i f f i c u l t  t o  

say now i f  i t  1s possib le o r  no t  t o  dua l ize  the present case i n  

the present form o f  the amplitudes. This i s  an open problem. 

( i  i i )  Pomeron f a c t o r  i zat  ion. The P- fac to r  i z a t  ion  hypothes i s seems t o  be 

a we l l  establ ished one, and we make use o f  i t  ex tens ive ly .  From 

sp in- s t ruc ture  po in t  o f  view, the d i f f r a c t i v e  ver tex  (p P p )  (1/2,1, 

1/2) i n  our approximations (H E A )  behaves as (0,1,0) one. This 

n i ce  property of t h i s  ver tex  together w i t h  the P - f a c t o r i z a t i o n  

hypothesis g ives a simpler spin s t ruc tu re  amplitude. From our 

ca l cu la t i ons  po in t  o f  view t h i s  i s  very welcome, s ince the simple 

s t ruc tu re  obtained f o r  the (pPp) ver tex  does not  i n t e r f e r e  w i t h  

the remalning pa r t s  o f  the amplitude. This may be represented by 

F ig .  5.1. 

( i v )  Hel i c i t y  conservation. This h ipo thes is  i s  used i n  the simpl i f  i- 

ca t i ón  o f  a11 d i f f r a c t i v e  ve r t i ces .  The cPva tensor represent ing 

the coupl ing o f  the (3/2,3/2,1) ver tex  i s  t rea ted w i t h  t h i s  hy- 

pothesis t o  a r r i v e  a t  a f i n a l  expression w i t h  on l y  one constant .  

On the other hand we r e c a l l  t h a t  there i s  a reasonable experirnen- 

t a l  support7 f o r  hel i c i t y  conservation. 



F i g .  5.1 - P - f a c t o r i z a t i o n  i n  t h e  (T C D M) 

Summlng up, t h e  maln r e l e v a n t  s teps o f  ou r  c a l c u l a t i o n s  a r e :  

( i )  F i r s t ,  w e m a k e a  complete t r e a t m e n t o f  the  (APA) v e r t e x ,  the  

source o f  t h e  rnain c o m p l i c a t i o n s  o f  t h e  p resen t  c a l c u l a t i o n s .  I n  

s e c t l o n  2 we show how (APA)  can be ob ta ined  f rom a  h y p o t h e t i c  

r e a c t i o n  i n  o r d e r  t o  have an express ion  c o n t a i n i n g  j u s t  one con- 

s t a n t  g , .  The e s t i m a t i o n  o f  t h i s  cons tan t  i s  made t h r o u g h  t h e  

Opt i c a l  theorem and u s i n g  t h e  (yP~)  hypothesis ,  which r e s u l  t s  i n  

g,= gmA. Sn, t h i s  i s  e a s i l y  ob ta ined  j u s t  w i  t h  e x p e r i m e n t a l  

c r o s s- s e c t i o n .  T h i s  procedure has t h e  

l t  which i s  f i x e d  by p a r a m e t e r s  w e l  1  

t a l l y .  

i n  t h e  framework o f  (T  C D M) ,  as i t i s  

shown i n  s e c t i o n  3.  The express ions (28), (32) and (38) below 

i n p u t s  as t o t a l  asympto t i c  

advantage o f  g i v i n g  a  resu  

e s t a b l  ished o n l  y  experimen 

' ( i i )  Each amp l i tude  i s  ob ta ined  



r e p r e s e n t  the th ree components from (T C D M) and t h e y  were  

added coherent ly .  This po in t  i s  very important s ince the i n t e r -  

fererice e f f e c t s  a re  one o f  the  main features o f  the  modet. So the 

complete amplitude reads 

( i i l )  Apprciximatlons. Next, we w r i t e  t h i s  t o t a l  amplitude t a k i n g  i n t o  

account a l l  (H E A)  above re fe r red  I n  terms o f  the invar ian tson ly .  

This 1s made I n  sec t ion  5. 

Now we study numerical ly  the s t ruc tures  t h a t  may a r i s e  from 

the in ter fe rence mechanism i n  the amplitude a t  h igh  energy and low t,, 

t h a t  may appear s t rong l y  i n  some p h y s i c a l  i n  p a r t i c u l a r ,  the "zeros" 

region.  

We show i n  Fig.5 

respond t o  d i  f f e ren t  values 

. 2  the t n - d i s t r i b u t i o n s  (du/dt,) which co r-  
m m m  

f o r  the e l a s t i c  subreactions (arN, uNN,um, 
bTN,bflN and bm) .  We may conclude t h a t  f o r  a p a r t i c u l a r  choice o f  these 

parameters (Fig. 5.2) we can see d l f f e r e n t  regimes o f  the t,-d i s t  r i - 
but ion .  I t  i s  c l ea r  t h a t  on l y  the experimental r e s u l t s  may se lec t  the 

best set  o f  parameters. This procedure may a l so  be usefu l  f o r  the e s t i -  

rnation o f  the off-mass-shell  e f f e c t s  i n  the subreactions considered. 

I n  F ig .  5.3a,b we show the c o s ~ ~ ' ~  d i s t r i b u t i o n  f o r  the same 

parameters as used i n  Fig.5.2. The forward and backward  enhancements 

are  cha rac te r i s t i cs  o f  the and A exchange, respect ive ly .  I n  Fig.  5.4 

we show the azimuthal d i s t r i b u t i o n  w i t h  the same parameters. A11 these 

curves presented here a re  the p red i c t l ons  o f  our model, s i n c e  exper- 

r imental  r e s u l t s  does no t  e x i s t .  

I n  next  paper we w i l l  present a pa r t i a1  wave a n a l y s i s f o r t h e  

reac t i on  studied here. 

We would l i k e  t o  acknowledge Mrs. L i g i a  Rodrigues f o r a c r i t i -  

ca l  reading o f  the manuscript. 



.9* cos eQ.J. .$ 1.0 

b z  I ~ . o ( G ~ v ' ~ )  

Fig. 5.2 - t, distr;butions integrated in severa1 cose G.J. 

and MAT reglons. The values o f  the parameters are (see 

text) : bTm = 1 O.  (G~v-I), bNN = 9. (G~v-') , bNA = 8. (G~v") ; 

u T o y ( i r ~ )  = 25.0(mb), oToy(flN) = 50 (mb) and 0 ~ ~ y ( M ) = 8 O ( r n b l  



F i g . 5 . 3 ( b )  cos  0 G .  J 

F i g . 5 . 3  - d o / d c ~ s B ~ ' ~ .  

d i s t r i b u t i o n s  f o r  t h e  

sarne s e t  o f  pa rame te rs  

used i n  F i g .  5 .2 .  (a )  

f o r  1.37 + + - S  1.40 
A .rr 

(GeV) a n d  I b )  f o r  

1.4 S M  ++ - S  1.45(GeV). 
A .rr 



do 
F i g .  5.4 - - d l s t r i b u t i o n  f o r  t h e  same s e t  o f  

d$G.J. 
parameters used i n  F i g .  5 . 2 .  



APPENDIX A 

Kinernatics of the pp + A* n- p Reactions 

I n  t h i s  Appendix we p resen t  t h e  main k inemat i c  e x p r e s s i o n s  

concern ing t l i e  p resen t  work. T h i s  i s  a  s imple a p p l i c a t i o n  o f  t h e  w e l l  

known p a r t i c l e s  k i n e m a t i ~ s ' ~ .  

F i g .  AI shows t h e  t h r e e  graphs corresponding t o  t h e  (T C D M) 

desc r ibed  i n  s e c t i o n  3 .  The 4 -vec to rs  p . ( i  = a,b, 1 ,  2, 3) r e l a t e d  by 

energy-momentum conserva t ion  (p +pb = p1+p2+p3), rep resen t  t h e  ex te rna1  
a 

p a r t i c l e s  o f  t h e  r e a c t i o n  (1) as i s  shown i n  f i g .  A I .  For i n t e r n a 1  l i nes  

we d e f i n e  

Fiy .AI - These graphs represen t  t h e  (T C D M) descr ibed  i n  t h e  t e x t  f o r  

pp -+ p~++.rr- r e a c t  ion. (a) i s  t h e  .rr-exchange o r  t h e  T-component t e r m ,  

(b) t h e  A-exchange o r  t h e  U-component and (c)  t h e  " d i r e c t l ' - p o  l e - e x -  

change o r  t l i e  S-component. Here t h e  S, T and U components a r e  r e f e r r e d  
++ - 

t o  t h e  sl, t and u channels o f  t h e  plP -+ A IT subreac t ion .  

q = pa-pl , k = pa-pP and P = pl + p2 

and, f o r  coiivenience, t h e  p a r t i c u l a r  4 -vec to rs  



With  the  4 -vec to rs  p.(i=O, . . . , 3 )  we can de f ine  a s e t  o f  use fu l  
Z 

i n v a r i a n t s  as 

s = (pa+pb) 

t, = ( P , - P * ) ~  

Ul = (P,--P,)~ 

t P  = ( P b - p 3 I 2  

u2 = ( p b - p 2 )  

The mass o f  the  p a r t i c l e s  invo lved  a r e  denoted by 

a = = m 3  = P 

m ,  = mA ( A . 5 )  

m2 = m 
71 

whose q u a n t i t a t i v e  va lues we have taken f rom t h e  P a r t i c l e  D a t a  G r o u p  

~ e v i e w " .  

High - Energy - Approximations 

Some i n v a r i a n t s  a t  v e r y  h i g h  energy can be s i r n p l i f i e d  by reaso-  

nab le  approx imat ions.  These approxirnat ions f o r  h i g h  e n e r g y  r e a c t i o n s  

corresponding t o  p h y s i c a l  r e g i o n  o f  (DDR), a r e  determined by 

S , S p , S 3  " 

P u t t i n g  t h i s  c o n d i t i o n  (A.G 

s 2  + t2 

) i n  t h e  r e l a t i o n  



we obta in  

S 2  " -U2 

and f o r  the scalar  products 

4Q.R = s, - u ,  ( A .  9) 

4 R . p 2 =  s - s ,  + s 2  + u ,  - m 2 - rn; - m: a ( A . 1 5 )  

and 

( p , + k ) '  = 2 u 1  + 2m: - t ,  (A. 1 6 )  

By eq. ( ~ . 6 )  we have the approxirnated r e l a t i o n s  

The others stay unchanged. The energies (Ei )  and momenta ( p i )  i n  the 
+ + 

R12 system, p l + p 2  = O ,  as function o f  the invar iants ,  a r e  given by 



where 

ta 3 
+ s + t2 = s ,  + rn2 + m2 + m3. a b  

Then, i n  c o n d i t i o n s  ( A . 6 )  we have, f o r  r e l a t i o n  ( ~ . 3 0 )  

= -s d 3 

and f o r  energ les  and momenta 

-+ -+ 

Eb = E, = lpbl  = Ip3I  ' s/2& 

and t h e  o t h e r s  s t a y  unchanged. h(x,y,z) i s  d e f i n e d  by 

( A .  2 5 )  

( A .  2 6 )  

( A . 2 7 )  

( A . 2 8 )  

( A . 2 9 )  

-+ -+ 
F i g u r e  ( ~ 2 )  shows the  Got t f r i ed- Jackson  system (GJs) f o r  p,+p2=0. The 

-h -f 
z - a x i s  i s  def ined by p  and t h e  y- a x i s  by p3x$b. The o r i e n t a t i o m o f  t h e  a 
o t h e r  v e c t o r s  a r e  

-f -f 
The ang le  6 between p 3  and p ,  s a t i s f i e s  t h e  r e l a t i o n  

cosB = cosa cose + s i n a  s i n o  tos$ ( A . 3 5 )  

The ang le  a i s  g iven  by 

cosa = ' (2EaE3 - 2% ~ ~ + s ~ m i ~ - r n ~ - r n ~ )  



-i 
F ig .  A2 - Gottfr ied-Jackson systern f o r  R12 E pl  

and i n  the (H E A) eq.(A.6), we have 

coso = - ( s , - m ~ t 2 ) / ~ 1 / 2 ( s 1 , m ~ , t 2 )  

and 
'/2 2 s i na  = í'& < / A  (sl,ma,t2) 

Expanding i11 power ser ies  o f  t2, f o r  lt2 1 << ( ~ , - m i ) ~ / 2 s ~  , we have 

and r e l a t i o i i  (A.35) reads 

cosB = -cose + 1 2 q  ~ / ( s , - m ~ ~ s i n 0  cos4 ( ~ . 3 9 )  

With eq.(~.t;) we have too 

and 

and by us i nq eq. ( ~ . 3 9 )  we have 



In the same approxination we derive 

( A .  4 2 )  

From eqs. ( ~ . 4 1 )  and ( A . 4 2 )  we obtain 

and in the limit t2= O we have the relation 

s2 S 3  
- = - E  

2 tl-m2 ul-m, 

The expressions for cross-sections used 

following formulae. 

( A .  4 4 )  

in the text are defined by the 

For a reaction 2  -+ 2 1 ike a ( p , A a )  + b(q,Ab) -+ a ( p 1 , C )  + b ( q l ,  

A ' )  the differential cross-section for non-polarized beam and target, 
b 
we have 



where s : = ( P + ~ ) ~ ,  t=(p-p')2, b and bb are  the spins o f  the  p a r t i c l e s  a 
a and b arid the h and hb are  the h e l l c i t l e s ,  respect ive ly .  (The same 

a 
no ta t i on  Is  used f o r  f i n a l  p a r t l c l e s  A '  A i ) .  a '  

For a general reac t ion  a + b -+ 1+2+3 we use f o r  d i f f e r e n t i a l  
. . 

cross-sections 

where 

APPENDIX B 

This Appendix concerns the  Rarita-Schwinger wave f u n c t  i o n s  
1 2  

used i n  t h i s  paper. Although i t  i s  a we l l  known subject  we put  here 

expl i c i t l y  our conventions and normal i za t i ons  f o r  a se l f  c o n s  i s t e n t  

expos i t ion .  

The wave func t ions  f o r  sp in  3/2 p a r t i c l e s ,  for  p o s i t i v e  and 

negat i ve  eiwrgies,  i n  the momentum (p) and hel  i c i  t y  (A) representat  ion, 
(+ Ji (p,h) (whereu i s  a Lorentz l abe l )  s a t i s f y  the R a r i  t a - S c h w i n g e r  
1-i 

equa t ions 

(B.1) 

where m i s  the spin 3/2 p a r t i c l e  mass. They are subjected t o  the sub- 

s i d i a r ~  co i id i t ion  

lJ (+)(p,h) = o 
JilJ 

Then the (3'/2 SWF) a l so  s a t i s f i e s  the cond i t ion  

y" +i') (p, h) = 0 (8.3) 



AS a m a t t e r  o f  f a c t ,  t o  cornplete ly  d e f i n e  a  (3/2 SWF), I)(') ( p , ~ ) ,  we 
Fi 

need eq. (8.1) and one s u b s i d i a r y  c o n d i t i o n  t h a t  can be eq. (8.2) o r  ( ~ . 3 ) .  

I n  rnomentum and he l  i c i  t y  r e p r e s e n t a t i o n ,  t h e  (3/2 SWF) can be w r i t t e n  

as a  combinat ion o f  a  v e c t o r  and a  D i r a c  ~ ~ i n o r ' ~  as 

f o r  p o s i t i v e  energ ies,  and 

f o r  nega t i ve  energ ies,  where C(A,,X,,A)=<l,~~;1/2,~3/2,~;1,1/2> a r e  

the  Clebsh-Gordon c o e f f i c i e n t s  f o r  1  @ 1/2 = 3/Z c o u p l i n g .  

The s p i n  1 f i e l d s  f u l f i l l  t h e  Proca equat ions 

(p2 -m2 

w i t h  t h e  s u b s l d i a r y  equa t ion  

PU., (P ,A,) = 0  (8.7) 

(E* f o r  n e g a t i v e  energ ies )  and t h e  s p i n  1/2 f i e l d s ,  t h e  D i r a c  equa t ion  

($-m)u(p,A2) = O 

f o r  p o s i t i v e  energ ies  and 

($+m)v(p,A = O 
2 

f o r  n e g a t i v e  energ ies .  

Normalizations 

The f i e l d s  o f  s p i n  1/2 and 1  a r e  normal ized f o l l o w i n g  the  r e -  
1 2 C  

l a t i o n  

Ü(p,A1)u(p,~) = 2m 6 
A 'A (8.10) 



and 

so tha t  f o r  spin 3/2 f i e l d s  we have, 

4) u; (p,Xi) +" (p,U = ; Zm € i X l X  (8.13) 

With t h i s  normal izat ion the spin 3/2 f i e l d  p ro jec to r  reads12'13 

(8.14) 

Explicit Forrn of Rarita-Schwinger Wave Function in the Mornentum and Heliciw Representations 

The conjugate wave 

( 8 . 4 ) ,  i s  def ined by 

The Dlrac splnors can be wr 

ta t ion12c as 

func t ion ,  f o r  p o s i t t v e  energies, o f  eq. 

t t e n  i n  the momentum and h e l i c i t y  represen- 

where the normal izat ion fac tor ,  from eq. ( ~ . 1 0 ) ,  i s  N(~)=I/= I and 
-+ 
0 are the i d e n t i t y  and Paul i  matrices, respect ive ly .  And xX(F) are  the 

-+ 
spinors so tha t  f o r  (p = pz^) 

-+ -+ 
When the nmmentum has an a r b i  t r a r y  o r i e n t a t i o n  p=p(8,$), where 8 and $ 

+ 
are  the po lar  and azimuthal angles o f  the vector  p I n  a p a r t i c u l a r  r e f -  

e r e n t i a l ,  we can w r i t e  

x ~ ( P )  = (+,8,-$)xX(z) (8.18) 



For spin 1 f i e l d  w i t h  the momentum or ien ted i n  an a r b i t r a r y  d i r e c t i o n  

;(e ,$) , we have 

and 

So, the (3/2 SWF) f o r  the h e l i c i t y  s ta tes ,  tak ing  i n t o  a c c o u n t  t h e  

1 @ 1/2 Clebsh-Gordon c o e f f i c i e n t s ,  a re  

Now, w i t h  the wave func t ions  o f  spins 1/2, 1 and 3/2 above defined, we 

ob ta in  the fo l l ow ing  usefu l  r e l a t i o n s  

Ü(pr,h') u(p,h) = (a l -4hhra2)x~, (Pr )xh(~  (8.22) 

where 

a, = J E I  + m" m a n d a ,  = 

And using the rnatr ix  

osv = i Cye,YvJ 



and . . + 
Ü(pl,hl)u'J~(p,~) = (a,-4h1h02)x A ,  (P1)ukxh(P) (6.27) 

+ + 
with cyc l i c  permutations o f  i,j,k = 1,2,3. With the choice p = p(0,O) 

-+ + 
and p' = pl(O,@) we obtaln 

and 

We can now e x p l i c l t l y  wr i t e  the products o f  Dirac splnors 



Using the spin one wave func t ions  (8.20) w i t h  = $'(O,$) and p = 
U 

= ( E ,  O, O ,  - p ) ,  we have 

and 

I n  the p a r t i c u l a r  s i t u a t i o n  i n  which $' i s  i n  the zz-plane, i. e ., 
choosing $ = O,  we ob ta in  from eq. (8.24) 



And w i t h  sp in  one p a r t i c l e  wave func t i on  we ob ta in  the very usefu l  r e -  

l a t i o n s  

p r Y ~ ~ ( p , O )  = (I/rn) (pE1-plE cose) 

p 1  'c ( p , + ~ )  = + s ino 
1-i J2 

and the sca lar  products 

&;(pl ,tl ) ~ ~ ( p , f l )  = -(1/2) ( 1  + cose) 

1-i s p , ; l ) €  ( ~ $ 1 )  = -(1/2) (1 - cose) 

APPENDIX C 

Curren8 and Couplingr 

Fig .  Ai presents the  graphs corresponding t o  the ( T  D C M )  

whlch contains a  set  o f  ve r t i ces  associated t o  the a-exchange, A++- 
- ++ 

-exchangir and p- d l rec t- po le .  In  t h l s  Appendix we analyse the (p.rr A  ), 

(TIPIT), (AIPN) and ( APA) ve r t i ces .  



This  ver tex  has the  sp in- pa r i t y  &(1/2+,0-,3/2+). The sim- 
I2c 

p l e s t f o r m  o f  t h e c u r r e n t a s s o c i a t e d  t o  i t ,  compatible w i t h  P-in- 

variance, t ime-reversal and charge ron jugat ion  i s  

J ( ~ '  ,P) = gNrb $ v ( ~ ' )  U(??) (c. 1) 

where gNnA i s  the coupi ing constant associated t o  i t  and q=pl-p ( s e e  

F ig .  C] ) .  The subsid iary cond i t ions  (8.2) make poss ib le  t o  r e w r i t e  eq. 

(C.1) as 
- 1-i 

J ( ~ ' i ~ )  = -gNrA@Fi(pl) P U(P) (c.2) 

( A++) 

Fig.Cl - Vertex  TA" w i t h  t h e i r  4 -  
-vectors associated t o  each p a r t i c l e  

involved.  

In  theP-hadrons-coupling ca l cu la t i ons  f o r  reac t ion  ( I ) ,  we 

have taken i n t o  account 

( i )  The v e c t o r i a l  coupl ing hypothesis o r  ( Y P A ) ~  

( i  i )  The ( S C H C ) ~  

In  f ac t ,  i n  t h i s  Appendix we consider on ly  cond 

ob ta in  the general form for  the three ve r t i ces  ( r m ,  NPN 

i n  the next  Appendix we take i n t o  account condi t ion ( i  i )  

ces can be represented by a general no ta t i on  (@a
a
'). The 

t i o n -  ( i )  t o  

and A PA) and 

These v e r t i -  

nornenta as- 

sociated t o  these ver tex  are  def ined i n  Fig.  C 2  by p ,  q and p ' ,  res- 

pec t i ve l y .  For convenience we def ine  a usefu l  4-vectors P -  ( ~ + ~ ' ) / 2 .  

F ig .  C2 - General s t ruc tu re  o f  the 

(&a ' )  ve r t i ces  and t h e i r  associated 

momenta . 



( n C n )  or J P = ( O - ,  ? - , O - )  Vertex 

With q and P momenta def lned above we can construct  the vec- 

t o r i a l  cur rent  

6 B . 6  
J (P',P) = 2glP + g, q 

but, from cur rent  conservation we have 

As P.q = O we have then g, = O and the cur rent  i s  

~ ~ ( p '  ,p) = 2gP 
B 

(c.3) 

where g = g, i s  the respect ive coupl ing constant .  Th is  i s  the  most 

general vec tor  cur rent  compatible wi t h  P a r  i t y ,  c h a r g e  c o n j u g a  t ion ,  

and time reversal  invariances. 

'To t h i s  ver tex  we can b u i l d  the vector  cur rent  from P and q 

momenta aiid y6  Dirac matrices, as 

tensor E 
Ii'ow 

( E ~ ~ ~ ~  = + I ) ,  but these terms can be e l im inated 

Gordon i den t i t i e s  v a l i d  f o r  Rarita-Schwinger and Dirac spinors, 

Other terins can be formed from y, = - yOy1y2y3 and t h e  ant isymnet r ic  

f rom 

I ;e. 

v h a  where r .= -22' P q y Y5 = (y,,#d - dfi,,) . Since we have equal 1i 
masses (mlz =m a ~ ' ~ ~ r o t o n  ) then Ü ( p t ) d  u (p )  = O and P.q = O. Therefore 

B 
the cur re i i t  conservation q J (pl,p) = O w i l l  be f u l f i l l e d  i f  g, = 0. 8 
So the velttor cur rent  nucleon-nucleon compatlble w i t h  P, t ime- reversal  

and C invariances i s  
B B B 

J (P',P) = & W g , y  + g,P )U(P) (C.8) 



For t h i s  ver tex  the most general vector  cur rent ,  tak ing  i n t o  

'account the subsid iary cond i t ions  (8.2,3) and Gordon i d e n t i t i e s  (C.5,6, 

7 ) ,  a re  formed from P, q, YB , gUv as 

For q u a l  mass p a r t i c l e s  we have $ ( p ' )  4 QV(p) = O and P.q=O, 
6 1-i 

and so the cur rent  conservat ion qBJ (p '  ,p)=O gives 

This cond i t ion  i s  s a t i s f i e d  when g2  = g, = O and g, = g,. So the cur-  

ren t  takes the form 

But i f  the vector  f i e l d  I s  a massless one, we have the  fo l l ow ing  ident -  

i t y  f o r  Rarita-Schwinger spinors 

I n  t h i s  case the cur rent  has fou r  independent terms 

where the g'  are  rea l  constants. The above cur rent  i s  then com- 
1,293, ' '  

pac t i  b l e  wi t h  P, time-reversal and C-pari t y  invariances. 



APPENDIX D 

Behaviour oil Hadronic Currents and Helicity Conservation at High Energy and Low Momentum 

Transfer 

To ob ta in  e f f e c t i v e  forms o f  the coupl lngs I n  each hadronic 

vertex, we must impose the (SCHC) t o  the cur rents  of Appendix C .  For 

t h i s ,  we determined the h igh  energy and low momentum transferbehaviour 

f o r  thosé! cur rents .  For convenlence we ca l cu la te  f i r s t l y  the d l f f r a c t i v e  

l i m l t  frorn some products o f  Appendix 6 .  As we know, a t  h igh energies 
+ +  + 

the t o t a l  energy and momentum (E = E,+Eb and p = pa+ pb) i n  (C M S)  are 
+ 

E =  21p, = G. For the 4-momentum P = (1/2)(p1+p) (we r e c a l l  t ha t  we 

have choeen p and p '  i n  xz-plane as was seen i n  eq. ( B . ~ I  ) )  we have the 

approximetion 

and f o r  t.he momentum t rans fe r  q = (p'-p) we have 

To evalucite expressions (~ .33-41)  i n  (H E A) we have f i r s t  ca lcu la ted 

the express ions 

From 4-rno+nentum t rans fe r  d e f i n l t i o n  

and a t  the (H E A) we have 



cose " 1 + ( 2 t / s )  + 0 ( 1 / ~ 2 )  

Then the products of Dirac spinors (6.33) and (8.34) wi th @ = O ,  m = m '  

and (8.41) at (H E A) are 

The wave function of spin kq . (8 .20 ) ]  with 5 = $(0,0)  and p '  = ;'(O, 0 )  

in the diffractive region and m = m ' ,  can be written as 

And expressions (8.421, (8.43) and (8.44) can be approximated by 



We use those approximatlons t o  determine the coupl ings a t  h igh  energy 

wi t h  (sCHC), 
5 

As i t  i s  we l l  known the cucrents which conserve s - c h a n n e l  

hel i c i t y  i n  the (mN) ver tex  are  

and tak ing  i n t o  account eq. (D.6) we have 

where P = (p+p ' ) / 2  

We proceecl now s i m i l a r l y  w i t h  the d i f f r a c t i v e  reac t i on  A ( p ) + ~ ( q )  *A(pl)  
B B + v(q  I ) .  Lle have the cur rent  J,,(qt ,q) = 2g & f o r  ( ~ m )  ver tex  whe r e  

B 
Q = (q+qt)/2 and f o r  (APA) vertex,  JAA(p',XL;p,X) (eq.C.12) o b t a i n e d  

from (*A) .  l n  sec t ion  2, the d i f f r a c t i v e  l i m i t s  o f  t h i s  cur rent  (C.12) 

were ca lcu~ la ted f o r  severa1 h e l i c i t y  states,  i n  order t o  ob ta in  the 

coupl ing s a t i s f y i n g  the (SCHC). For t h i s  ca lcu la t ions ,  i t  i s  usefu l  t o  

conslder some approximatlons i n  spin 1 wave func t  ion. 

I n  the hel i c i t y  ampl i t u d e s  f o r  t h e  r e a c t  i o n  above ,  

A( , )  (A1,h) a J ~ ( ~ ~ )  (ll,h)Jg("), there appear e x p r e r s  i o n s  l i k e  

E; ( p ' , h ; ) ~ ~  and ~ ~ ( p , l ~ ) ~ ' .  Using eq. (D.7), where c = P ( ( ) ,O),  and  

= (e,O), we have 



-+ + -f 

where P.Q " s/2. In the (C M S )  we have q = -p  and q1 = -;I, and then 

Q3 = -(1/2) (pl COSO t pj = - -(m2) (1 + 0(1/s)) 

And the expressfons above become 

APPENDIX E 

Useful Formulae and Tables 

We put in this Appendix a set of useful formulae and results 

for simpllficatlon of the text. 

In section 4 we need the express ion 

Wb + $3) Wb - $ 3 )  = mb - m: + 2($3$b - P~.P,) (E.]) 

with the tensor a" =i  (y'yv - yVy') we obtain 

P3gb = PbeP3 ' L p7jSbv ~l"> (E.2)  



I n t he  (6 J S) de f  ined i n  Append i x  A we have, 

-h 

Using (A.32) and Eb-E, = - Ea E - IP, I cosa, (E. 1) become5 

We d e f i n e  now, 

I "  
1 0  

E = I O  ; X =  

and us ing  eq. (8.20) i n  t he  (G J S )  we have, 

E 1 
E*(~ , ,o )  . Z = - - cose 

1 

I n  t he  (G J S) the  product  o f  D i rac  sp inors  (8.33) t o  (8.39) reads 

Ü(p, ,11/2)u(p~,*1/2) = E- cos(0/2) 

Ü(p1 , ; 1 / 2 ) ~ ( ~ ~ , t 1 / 2 )  = i eti( E+ s in (0 /2 )  (E.7) 

;(pl,+~/2)~0u(pa,ti/2) = E+ C O S ( ~ / ~ )  

' o '  
O 

O (E.5) 

, i  J 



Ü ( ~ ~ , * 1 / 2 ) ~ ~ ~ ( p ~ , + l / 2 )  = + cos (0/2) 

where 

and 

With the de f in i t ions  (E.5) we have i n  the (GJS) 

Fi li + li 
Pa = EaE + IPal 

and a t  (HEA) eq. (hI.6) 



In  the l i n i i t  t2= O ,  s ina  = 0, cosa = - 1 and 

( E . l l )  

I n  t a b l e  El we present formulae which a r e  used i n  the t e x t .  

Table E-1 - Useful expressions f o r  s lmpl i fy ing  formulae and r e s u l  t s  

'i 

s i  n9 cos (8/2) 

s ino s i n ( W 2 )  

cose cos (8/2) 

COSO s i  n (e121 

46 1 
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Resumo 

2 cã l cu lo  completo para a reação de dissociaçáo d i f r a t i v a  
pp + A++= p f o i  f e i t o  no contexto do Modelo Deck a Três Componentes .  
Este cã l cu lo  apresenta algumas d i f i cu ldades or ig inadas pe lo  v ê r t i c e  
(3/2+, 3/2+, I - )  que aparece em uma das componentes. Nós damos os pr in -  



c i p a i s  detalhes do cã l cu lo  o que faz  este t rabalho ser essencialmente 
técnico.  Nossa conclusão, baseada nos resul tados obt idos,  e' de que, es- 
t ru tu ras  de "zeros" ou mínimos pred i tos  pelo Modelo não podem ser v i s -  
tos  anal i t icamente devido à complexidade das fórmulas envolvidas. Fo- 
ram calculadas numericamente va r i as  d i s t r i bu i ções ,  e uma f o r t e  i n t e r -  
ferênc ias en t re  as t r ê s  componentes f o i  comprovada para uma e s c 0  1 ha 
p a r t i c u l a r  dos parâmetros. 


