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Abnract We present i n  t h i s  paper a set  o f  new r e s u l  t s  o f  new T h r e e  
Component Deck Model f o r  D i f f r a c t i v e  D issoc ia t ion  Reactions. These new 
r e s u l t s  a re  confronted w i t h  recent ly  published ones t o  ob ta in  a general 
view o f  the model, i t s  p red i c t i ons  and comparison w i t h  experimental re -  
su l t s .  Two kinds of co r re la t i ons  and amplitudes are  given: the slope- 
-mas*-cos oGJ and slope-mass-part ia1  wave c o r r e l a t  ions. 

One o f  the most important pa r t s  o f  h igh  energy s c a t t e r i n g  i s  

the l n e l a s t i c  d i f f r a c t i v e  component o r  d i f f r a c t i o n  d issoc ia t ion .  The 

Three Component Deck Model (TCDM) gives a very good desc r i p t i on  o f  the 

d l f f  r ac t  i ve  d i ssoc ia t  ion phenomena. We have made' appl i c a t  ions o f  the 

rnodel t o  severa1 react ions,  w i t h  very good resu l t s .  Other app l ica t ions  

are  presented i n  the present paper, g i v i ng  a c e r t a i n  u n i v e r s a l i z a t i o n t o  

the model. I n  t h i s  paper we confront  the previous r e s u l t s  w i t h  the new 

app l lca t lons  o f  the TCDM, e x h i b i t i n g  a general view o f  i t s  main proper- 

t i e s .  For a general review o f  a l l  d i f f r a c t i v e  aspects o f  s c a t t e r i n g ,  

,see reference 2. 

S i i n i l a r l y  t o  other aspects o f  the sca t te r i ng  process, the ine- 

l a s t i c  p a r t  has  a l s o  s o f t  and  h a r d  components  i n  the physi-  

ca l  regions. While the s o f t  component has been very much studied and i s  

described by good models, the hard component appears a t  h igh energles 

and very la rqe momentum transfers,  and i s  due t o  the i n t e r a c t i o n s o f t h e  

hadron const i tuents .  It i s  an apen subject .  

I n  t h i s  paper we l i m i t  ourselves t o  the d i f f  r a c t i v e  d i s -  
i a soc la t ion  sof t component and spec i f  i c a l  1 y t o  the TCDM . We have showni 



t ha t  t h i s  model reproduces the maln aspects o f  the d i f f r a c t  i ve  d  i s -  

soc la t lon  react ions (DDR). Here, we put  together a11 new and published 

r e s u l t s  f o r  d i f f e r e n t  react lons,  g i v i n g  a  systematic desc r i p t i on  o f  the 

sp in- pa r i t y  s t ruc ture .  The TCDM i s  the on ly  model descr ib ing,  among the - 
maln proper t ies  o f  the data, the mass-slope-cos eGJ and m a s s - s l o p e -  

-part lal-wave co r re la t l ons .  A summary o f  the improvements, der lva t ions ,  

sp ln- pa r i t y  s t ruc tures  f o r  each react lon,  approximations and hypothesls 

are given I n  the next sections. Section 2  i s  dedicated t o  the model and 

the main aspects o f  i t s  de r i va t i on .  I n  sec t ion  3 w e  g i v e  t h e  a p p l i -  

ca t lons  o f  the TCDM t o  severa1 react lons w i t h  d i f f e r e n t  spin and p a r i t y  

s t ruc tu re  i n  the a + P -+ i + 2  subreaction (here i s  the beam-particie, 

P  1s the Pomeron exchanged I n  the complete i n e l a s t i c  reac t ion  and 1 + 2 

represents the subsystem i n  which we study the e f fec t i ve  mass d i s t r i -  

but ions and general p roper t  ies)  . Par t  ia1 wave ampl i tudes f o r  each reac- 

t i o n  are  glven i n  sect ion 4. F i n a l l y  i n  sec t ion  5 we present t h e  d l s -  

cusslon and conclusions from our study. 

2. THREE COAIIWNENTS DECK MODEL 

We present now the general descr ip t ion ,  p roper t les  a n d  maln 

pa r t s  o f  the de r i va t i ons  o f  the TCDM. 

In  a l i  cases, we have considered a  general react ion a+b-+(1+2)+3, 

see f ig .1 ,  w h e r e b = 3  =nuc leon,  a t v e r y  h ighenergy ,  where the d l f -  

f r a c t l v e  phenomena are dominant. In  TCDM the d i f f r a c t i v e  character  i s  

represented by the Pomeron (r) exchange. The d i ssoc ia t i on  o f  the hadron 

(a) i n t o  a  p a i r  (1+2) 1s descrlbed by the coherent sum o f  the Born terms 

o f  the exchange ampl i tudes o f  the (a) ,  ( 1 )  and (2) p a r t i c l e s  o r  the s, 

u and t channel respect ive ly  o f  the subreaction a + I P  -+ 1 + 2 (see f i g .  

2 ) .  We use a  standard parametr lzat ion o f  the Pomeron exchange, as de- 

scr i bed b e l o ~ .  The two paraketers b and uT, the slope and the h igh  energy 

Fig.1 - Single Pomeron exchange i n  the 
a  + b -+ (1 + 3) + 2 r e a c t i o n  a t  h igh  
energy. 



Fig.2 - The three components o f  the ( T D C M )  ,rep- 
resent ing the t i -channel  , ul-channel and si-channel 
o f  the a + b + (1+2) + 3 reac t ion .  

. t o t a l  cross sec t ion  are i n  general exper imental ly  known. But i n  ourcase 

the subreactions (L) + (b) -t (2) + (3=b), (1) + (b) + (1) + (3=b) and 

(a) + (b) + ( a )  + (3=b) are off-mess-shell  i n  the sense t h a t  (9, (L) 
and (a) are off-mass-shell  p a r t i c l e s .  Then we must co r rec t  t h e o f f - s h e l l  

problem by changing s l l g h t l y  the b and uT i n  each case. This i s t h e  best 

way t o  consider i n d i r e c t l y  a form factor wi thout  breaking some other 

Important p roper t  ies, as the inter ferences among the three te.rms. 

The wel l known Gribov-Morrison r u l e 3 ,  A P  = (-  1 ) A J ,  where A P  

and A J  a re  the p a r i t y  and spin balance between the p a r t i c l e s  i n  the  

d l f f r a c t f v e  vertex,  i s  au tomat ica l ly  s a t i s f i e d  i n  e l a s t i c  d i f f r a c t i v e  

subreactlons, which appear i n  the TCDM. 

To ob ta in  the hadronic cu r ren t  coupled t o  the Pomeron, i n  TCDM, 

we assume the vector  coupl ing hypothesis (VCH). On t h e  c u r r e n t  con- 

s t ruc ted w i t h  t h i s  hypothesis we impose the s-channel h e l i c i t y  conser- 

va t i on  (SCHC?, which simpl l f  ies the form o f  the coupl ing, and reduces 

the coupl ing constants t o  on l y  one. I t  i s  a we l l  known e x p e r i m e n t a l  

r e s u l t  t ha t  i n  the e l a s t f c  d l f f r a c t i v e  react ions,  d o m i n a t e d  b y  t h e  

Pomeron exchange, the Pomeron couples on l  y t o  the s-channeq he l i c 1 t y 

conserving hadronic ver tex  . 
I n  the high energy approximation (HEA), def ined i n  Appendix A, 

the cur rent ,  f o r  a ver tex  a(p,X) ~ b ( p ' , A ' )  obtained w i t h  (VCH), has the 

general forni5 

where t = (p'-p) 2 ,  P = (p1+p)/2 and V(;\' , h )  are func t  ions of the coup- 

l i n g  constants, the masses rn a, mb and the momentum t rans fe r  t. 

Imposing the SCHC on these currents,  they become l d  



I n  the d 

the hel l c i t y  ampl 

f r a c t i v e  reac t ion  

i f f r a c t i v e  reglon, dominated by the Pomeron exchange, 

i tudes are  e s s e n t i a l l y  imaginary. For a generlc d l f -  

the h e l l c i t y  amplitudes may be w r i t t e n  as 

The r e l a t i o n  among the coupl ing constants, which appear i n  the 

currents,  and the t o t a l  cross sect lon i s  given by the o p t i c a l  theorem 

O f f  mass she l l  cor rec t ions  must be introduced i n  the d i f f r a c -  

t i v e  amplitudes contained i n  the TCDM. I t  i s  important t o  emphasize the 

lnconvenienceof in t roduc lng newform fac to rs  t o t a k e  in toaccount  o f f  mass 

she 

cou 

I s 

and 

1 e f fec ts .  The complications due to thep resenceo f these  form fac to rs  

d destroy the posslb le lnter ferences among the components o f  TCDM. 

The most convenient way t o  Introduce the off-mann she l l  e f f ec t s  

I a  small va r i a t i ons  o f  the experimental d i f f r a c t i v e  slopes (B2b,B,b 
2b l b  ab 

B ) and the cross sect ions values (aTOt (s2)  ,aTot (s3) and %t (s ) )  . ab 
In  the HEA, the general form o f  the common ver tex  bP3, c o n -  

s l de r l ng  tha t  b = 3,  i s  given by 

where R = (pb + p,)/2. 

The f a c t o r i z a t i o n  property o f  the pomeron permits t o  f a c t o r i z e  

t h l s  common ver tex  i n  the TCDM. Thts f a c t o r i z a t i o n  may be represented 

as i n  f l g .  (3 ) .  

A consequence o f  t h l s  property i n  the case o f  the TCDM i s  t h a t  

the splns o f  the M3 ver tex  do not  a f f e c t  the general s t ruc tu re  o f  the 

TCDM. Then, a t  the HEA, the spins of the p a r t i c l e s  b and 3 may be 

neglected, and the cur rent  i n  eq. ( 5 )  may be w r i t t e n  as 



Fig. 3 

Fig.3 - Graphical representat ion of the Pomeron fac-  
t o r l z a t i o n  property.  

To ma te r i a l i ze  the problem and t o  int roduce a standard no ta t i on  

f o r  our app l lca t ions  o f  TCDM, l e t  us consider a p a r t i c u l a r  type o f  reac- 

t i o n  l n  whlch the p a r t i c l e  b = 3 i s  a nucleon and a, 1 and 2 are  spin-  

less hadrons. 

The amplitudes f o r  each component o f  the TCDM, represented i n  

f i g .  (2), w i t h  the kinematics def ined i n  Appendix A, a re  

and 

To s i m p l i f y  these expressions 

and 

where, accord i ng eq. (4)  , 



and 

and a l  so 

and 

S = i g  a i 2 gs(t2)/(sl-m;) 

At the HEA i n  eq.(A.9), uslng eq.(~.10) and t h e  d e f i n i  t o n s  

above, the componen t s  I n eq. (7) become 

A(t) = T = s2.T 

and 

The sca t te r i ng  amplitude 1s the coherent sum o f  the three com- 

ponen t s 

A = A  ($1 + A ( t )  + A ( ~ )  

Then f o r  react ions w i t h  sp;l.nless p a r t l c l e s  i n  the d i ssoc ia t l ve  vertex, 

the TCDM y i e l d s  

The general forms o f  the components, consider ing the sp in  fac-  

where 

F('), F ( t )  and F (u) 



are tunc t ions  o f  the masses and invar ian ts  i n  eq. ( ~ . 3 ) .  I t  i s  c l e a r  

t ha t  f o r  spln less p a r t i c l e s  6''') = s, F (t) = s, and F ( ~ )  = s,. 

The components o f  the TCDM summed up coherent ly  may i n t e r f e r e  

des t ruc t i ve l y  i n  some klnemat ical  regions. This i n t e r f e r e n c e  i s  the 

mechanism which gives r i r e  t o  the c o r r e l a t i o n  among three v a r i a b l e s :  

the d i f f r a c t l v e  slope B, the e f f e c t l v e  mass M,, = o f  t h e  d i s -  

sociated system, and the po lar  coordlnate eGJ o f  a  d issoc ia ted p a r t i c l e  
-+ -+ 

momentum pl r e l a t i v e  t o  the inc ldent  beam momentum p i n  the GJS. a 
Another feature o f  t h l s  c o r r e l a t i o n  i s  the slope-mass- p a r t  i a  I 

wave co r re la t i on ,  which w i l l  be studied i n  sec t ion  4. A  d i r e c t  conse- 

quence o f  the lnter ferences above mentioned i s  the la rge slopes and/or 

the d ips  obtained i n  the da/dt2 d i s t r i b u t i o n s .  

I n  the spin less cases i t  i s  possib le t o  ob ta in  r e l a t l o n s  t h a t  

g ive  the pos i t i ons  o f  the d ips  and show c l e a r l y  the  c o r r e l a t i o n  among 
G.J. M12, cose and t,. 

At HEA, s  2 S, + s,, t a k i n g  t h i s  i n t o  t h e  eq .  ( 1 1 )  and 

equal t o  zero the c o e f f i c i e n t s  o f  s 2  and s,, we ob ta in  

Some observatlons may be made about these equations: 

a) they may be s a t i s f i e d  I n  the physical  region, s lnce I n  t h i s  
2 

region sl-m2 i s  p o s i t l v e  whereas t,m; and u l m ,  are  negative. a 
b) they may be r e w r l t t e n  as 

which show c l e a r l y  the c o r r e l a t i o n  among the three var iab les  M1,, cose GJ 

and t,, pred lc ted by t h i s  model. 

c )  the f a c t o r l z a t i o n  o f  the e l a s t i c  ver tex  MT3 i n  the TCDM, 

according t o  f i g .  (31, shows t h a t  the p o s i t i o n  (M~,, coseGJ, t 2 )  o f  the 

zero i n  the amplitude, o r  o f  the d i p  i n  da/&,, i s  independent o f  the 

hadron b. 

d) the parameters t h a t  f i x  the p o s i t i o n  o f  the  z e r o s  o f  t h e  

amplitudes a r e  t h e  t o t a l  c r o r s  s e c t l o n s  o:tt(s) and t h e  e l a s -  



DuaZ Regge.Czat&n of TCDM 

I n  the present form o f  the TCDM, each component 1s the Born 

term o f  the amplitudes f o r  exchange o f  the p a r t l c l e s  a, 1 and 2. The 

va l  l d l t y  o f  the model I s  r e s t r l c t e d  t o  the e f f e c t i v e  mass M1, = ( 6 ) 
range between the threshold and the resonances o f  the  d issoc la ted sub- 

system 1+2. 

The need f o r  reggelzat ion has been known since the beglnning 

o f  the DDR fenomenology development, 

The reggeizat lon o f  the TCDM must be done w i t h  some care. The 

components o f  exchange o f  p a r t l c l e s  a, 1 and 2 must be h a n d l e d  i n  a 

symmetric way, because the lnter ferences tha t  generate the s1ope.-mass 

-cose
GJ 

c o r r e l a t i o n  must n ~ t  be l o s t  i n  the course o f  the process. 

The so lu t i on  o f  t h i s  problem i s  g iven by d u a l i t y ,  whlch p r o -  

vides a Regge behaviour f o r  the three channels, avoid ing double counting 
i a  and t r e a t i n g  a l l  channels i n  a symnetric way . 

The procedure f o r  dual regge lza t ion  o f  the TCDM i n  the spinless 
i a case has been performed 

A = igal* 1 S 3 z m  

1 

a = s1 - m2 
s a' 

using the Venezlano formula 

where 

at = t l  - m i  and a = u ,  -m: 
U 

3. APPLICATIONS OF TCDM TO SEVERAL TYPES OF DDR 

I n  t h l s  sect lon we c o l l e c t  severa1 r e s u l t s  o f  the app l i ca t l ons  

o f  TCDM. The DDR studled here have d i f f e r e n t  conf igura t ions  o f  spin and 

p a r l t y  I n  the d i ssoc ia t l ve  ver tex  (a + 1 + 2) .  These conf igura t lons  w i l l  
P P P  be denoted as Aa .+ A I ,  d2. 

The fo l l ow lng  conf igura t ions  are  analysed here 



Some examples of ,reactlons tha t  correspond t o  these s t ruc tures  of sp ln  

and p a r i t y  a re  
A - T + ~ - + ( E  + a) + p  

K + p  -i ( K + T ) +  p  

B - r + p - + ( p 0 + r )  + p  

K + p +  ( ~ * + r )  + p  

The TCDM amplitudes f o r  DDR 

ta lned I n  the precedent sect ion.  

For react ions o f  type B ,  us 

t h e  components o f  TCDM are 

of type A have a l  ready been ob- 

lng the kinematics o f  Append i x  A 

where E (pl,X1) i s  the wave func t l on  f o r  spin 1 p a r t i c l e s  and 
lJ 

I s  the s-channel h e l i c i t y  conserving coupl ing i n  the ver tex  1-P I-. 

I n  the HEA, using the no ta t i on  introduced i n  sect lon 2, those 

components may be w r l t t e n  as 



and 

I n  the  G.J.S. we have 

and f o r  HEA 

% Fi (8 + s i n  a x + cos a z') 
- 2 J s ;  

where 

8 =  , X V =  a n d z U =  

Taking these r e s u i t s  i n t o  e q s . ( l 7 )  and summing up t h e  compo- 

nents,  the  h e l i c l t y  ampl i tudes read 

= ( 5 s  + EaT + EaU + s U(m: + m: - m a  + t, - u,)/4i/8;}~;(~~,h~)~' 

+ is,lPalr + s U[I~,I - (s, + m: - rn2 2 - t,)cos a/'tiF;11 C;(~,,A,)Z' 

(21 

The s p i n  1  wave f u n c t i o n s  a r e  

and t h e  h e l i c i t y  ampl i tudes i n  eq. (21) a r e  w r i t t e n  e x p l i c l t l y  

406 

r34 e , + I )  = - 
fi 

;cos8 = o s $ -  i siri@ 

cos8 s i n  9 +  i cos 9  

I ' " 



and 

- t l ) cos  a/4-]1 s l n  8 -  s U(sl + mt - m: - 

- t l ) s i n  a (cos 0 cos 4 +i s l n  4 ) / 4 5  l/n 

The p o s s l b l e  zeros i n  these amp l i tudes  may n o t  be determined 

by s imp le  equat ions l i k e  those f o r  s p i n l e s s  r e a c t i o n s .  I n  t h i s  case,the 

zeros must be found n u m e r i c a l l y .  

React ions o f  t ype  C have t h e  f o l l o w i n g  components f o r  t h e  TCDM: 

and 

The h e l  l c i t y  amp 

w r l t t e n  as 

t l i t u d e s ,  ob ta lned  sunnnlng these components, may be 

where we have assumed ml = m . a 
There may occur  zeros i n  these ampl i tudes,  due t o  i n t e r f e r e n c e s  

among the  components, i f  

T + S = O  and U + S = U  (27) 

i n  t h e  p h y s i c a l  reg ion .  The equat lons f o r  t h e  zeros a r e  



These equatlons are  the same as those (eq. (12)) obtained fo r  spin less 

react lons.  

For the reac t i on  pp +n.rrp, la, from eqs. (28) and using the 

r e l a t i o n  

s, + t, + u, = h; + m 2  + t2 
T 

we ob ta in  

a nd 

where 

6 = aNN/aTN and A = (BnN - BxN)/2 

These equatlons describe c o r r e c t l y  the behaviour o f  t h e  zero 

I n  the amplltudes, o r  the d i p  i n  da/&,. 

The hel i c i t y  ampl l tudes f o r  t h i s  type o f  r e a c t  i o n  may be 

w r i t t e n  i n  a form more convenient f o r  ca l cu la t i ons .  Sumning the com- 

ponents I n  eq. (25), we ob ta ln  l n  the  HEA 

- cos a ao' + s i n  CY 0°33)y5u(paha)/2Jç; ( 3 0 )  

T h i s  g i v e s  explicitly 

+ E+ cos a)sin(€~/2)]/2JS; I 

and 

408 



+ (S+U)SI~ a [E- s i n a  s i n ( O / 2 ) -  e" '(~-  

+ E- cos a ) cos ( 8 / 2 ) ]  / 2 G 1  } ( 3 2 )  

where 

The TCDM f o r  the reac t lons  o f  type C may be reggeized and du- 

a l l zed .  The h e l i c i t y  amplitudes i n  eq. (26) may be w r i t t e n  as 

The p resc r l p t i on  f o r  dual resonance parametr izat ton (DRP) con- 

s l s t s  l n  performing I n  eq. ( 3 4 )  the subs t i t u t i ons  

The Regge t r a j e c t o r i e s  are  parametrized by 

c ta(s ,  , = s1 - m2 + 2 A. csl - ( n ~ ~ + m , ) ~  1 / 2  
a 

where the parameter h con t ro l s  the resonance width.  

The TCDM has been appl ied t o  the reac t ion  pp + A* n p ,  whlch 

i s  o f  type 0 .  I t s  amplitudes are  given i n  reference l d .  



4. PARTIAL WAVE AMPLITUDES 

I n  t h i s  s e c t i o n  we p r o j e c t  t h e  h e l i c i t y  ampl i tudes ,  ob ta ined  

I n  s e c t l o n  3, i n t o  p a r t i a l  waves. 

For r e a c t i o n s  o f  t ype  A,  (O-  + 0+,0-), t h e  p a r t i a 1  wave amp l i -  

tudes a r e  g lven  by eq. (8.51, f o r  ha = O and N I Z  = -1. We then have 

and 

and t h e  p a r i  t y  o f  these ampl 

The amp l i tude  A(B,+ 

For HEA we have 

and 

The I n t e g r a t i o n  over  4shows t h a t  t h e r e  a r e  non- vanlsh lng amp l i -  

tudes o n l y  f o r  N=O and M=itl, and t h a t  

AJ,M = -1 ,- = +J,M=+I ,- 

We i n t r o d u c e  t h e  n o t a t i o n  

P - A J , M , -  A ( L ~ ) ~  - (43) 

where J=L, and t h e  S, P and D p a r t i a l  wave ampl i tudes a r e  g i v e n  by 



f o r  r e a c t l o n s  o f  t ype  B (O-  -t I-, O-) ,  t h e  hei  l c i t y  ampl l t u d e s  

I n  eqs. (23) and (24) have t h e  form (see eq. B. 1) 

and t h e  p a r t i a 1  wave ampl l t u d e s  a r e  g i v e n  by eqs. ( ~ . 2 )  and (8.5), f o r  

A a =  A Z  = O  and N12 = -1 : 

and 

A"+ = O f o r  A ,  = O 

The p a r l t i e s  o f  these ampl l tudes a r e  g i v e n  by 

From eqs. (23) and (24) we see t h a t  t h e  express lons f o r  4 (0'4 
have t h e  form I 

2, (e,@) = A::) (0) + A ( ~ )  (e) cos 4 + ar3) ( 0 ) s i n  $ (48) 
1 11 1 

where, A;"(B) = O, f o r  h = O and A!:) (O) = -A! ' )  (0) and A!: )  (0) = 
1 

= -A,(') ( e )  f o r  h l  = t 1. The c o e f f  t c i e n t s  Aii)(@) ( i  = l,2,3) may be 
1 

ob ta ined  f rom eqs. (23) and (24). 



The in tegra t ions  on @ i n  eqs. (54) and (55) show tha t  on ly  the 

values M=O and M=+l correspond t o  non-vanishing ampl l tudes. 

As we are seeklng f o r  posslb le inter ferences among t h e  com- 

ponents o f  TCDM, we choose M=O, which se lec ts  the c o e f f l c l e n t s  A ( ' )  (0). 
A,  

The coe f f i s l en t  A!') (8) i s  the on ly  one tha t  contains the three com- 

l e  t o  g ives r i s e  t o  strong in -  ponents o f  TCDM, and 1s the more probab 

ter ferences.  

From eqs. (54) and (55) we obta in ,  f o r  M=O 

The amplitudes f o r  we l l  def ined o r b i t a l  angular momentum are  

glven by eq. ( ~ . 1 0 ) .  Uslng the no ta t i on  

the S, P and D pa r t i a1  wave amplltudes are, f o r  M=O 



The h e l i c i t y  amplltudes f o r  react ions o f  type C a l so  fac to r i ze  

s l m l l a r l y  t o  eq.(8.1). The p a r t i a l  wave amplitudes are glven by eq.(B.21 

f o r  X2 = O and N 1 2  = - 1  as 

and the p a r i t i e s  o f  these amplitudes are  

From the h e l i c i t y  amplltudes shown i n  eqs. (31) and (32) we 

see t ha t 

(4 where the coe f f  i c i e n t s  A I  I (O) may be obtained f rom those ampl i tudes. 
i a 

The In teg ra t i on  on q~ shows tha t  the non-vanishing ampl i t u d e s  

correspond t o  M = + Xa and M = Xa I 1. We choose M = because t h t s  

cond i t ion  se lec ts  the coe f f  l c l e n t s  A( ' )  (0). Only these c o e f  f i c i e n t s  
li& 

contain the three components o f  TCDM, and are the most probable source 

o f  the  inter ferences we are  seeking f o r .  From eqs. (62)and (64) we ob- 

t a i n  f o r  M-Xa t ha t  

The p a r t i a l  wave amplitudes f o r  we l l  def ined o r b i t a l  a n g u l a r  

momentum L*, according t o  eq. (8.10) , are  



and 

and s a t i s f y  the  r e l a t i o n s  

I n t r o d u c i n g  t h e  n o t a t i o n  

the  S, P and D f o r  M = Xa = 1/2, a r e  w r i t t e n  

+ 
The p a r t l a l  wave ampl i tudes f o r  r e a c t i o n s  o f  t y p e  D , ( I / ~  -13 /2+ ,  

O- ) ,  a r e  g l v e n  by 
1 d 
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5. RESULTS AND DISCUSSIONS 

I n  t h i s  paper we analyse the TCDM app l i ca t i ons  t o  severa1 types 

o f  (DDR). We put  together a l l  sp ln- pa r i t y  s t ruc tures  o f  the subreactlon 

a  + P -r- 1 + 2. These amplitudes can be usefu l  f o r  a  c o m p l e t e  under- 

standing t o  the DDR phenomenology. I n  t h i s  sense the  model i s  universal, 

descr ib ing  the m u l t l p l e  aspects of the data. The TCDM i s a n a t u r a l  

c o n s r q u e n c e  o f  the ea r l  i e r  ~ r e l l - ~ 1  ida-~eck-node16. This model de- 

scr ibed t h r  DDR u n t l  l the dlscovery o f  the slope (E), mass (M,,), angu- 

l a r  (cos 0 G ' J ' )  and the slope-mass-partia1 waves cor re !a t ions .  

Tne app l i ca t l on  o f  TCDM t o  these d l f f e r e n t  types o f  reac t ions  

permlts us t o  t es t  the m d e l  l n  those r e a c t i o n s . f o r  which t h e r e  are 

experimental r esu l t s ,  and t o  g i ve  a theo re t i ca l  p r e d i c t i o n  f o r  t h e  

others.  

The DDR studied here have d i f f e r e n t  spin and p a r l t y  s t ruc tures  

l n  the subreactlons (a + P -t 1 + 2) .  

The react ions studied here have the fo l l ow ing  sp in  and p a r i t y  

r t r uc tu res  i n  the d i ssoc ia t i ve  process (a + I + 2),  ((a + {I + Q): 

A-  (O- + O+, O-), B- (0- -r- 1 -,O-), C- (1 / 2 +  1 / 2 + ,  O-) and 0- (1/2 -+3/2+, O-). 

We choose on l y  one reac t lon  o f  each type t o  apply the TCDM.The 

react lons chosen are  respect ive ly :  

A - :  K + p + (k+.rr) + p 



C-: p + p + (n+r-) + p 
and 

We now d iscuss  t h e  r e s u l t s  ob ta ined  f o r  e a c h o f t h e s e  r e a c t i o n s .  

The r e a c t l o n s  o f  t ype  A have t h e  s i m p l e s t  s p i  n  a n d  p a r  i t y  

s t r u c t u r e .  The TCDM f o r  these r e a c t l o n s  may be reggeized,  what extends 

t h e  v a l l d i t y  o f  t h e  model beyond t h e  r e g i o n  o f  resonances I n  t h e  d i s -  

soc ia ted  sybsystem (1+2). 

The p a r t i a 1  wave ampl i tudes f o r  t h e  r e a c t i o n  X + p + ( k + ~ )  +p 

a r e  g i v e n  by eq. (44). A slope-mass c o r r e l a t i o n  may be observed i n  the  

Swave .  F I ~ . ( ~ )  shows t h e  t h e o r e t i c a l  d l s t r i b u t i o n s  f o r  t h e  S wave i n  

the  e f f e c t i v e  mass ranges 1.25 5 MkT L 1.35 GeV and 1.35 i Mk,  <_ 1 .!i0 

GeV respec t  i v e l  y. 

I S - WAVE I S - WAVE 

d 

I 

1.8 

(t, G ~ v ' )  

Fig.4 - P a r t i a 1  wave (0-S) t - d i s t r i b u t i o n s  and 
s lopes o f  t h e  r e a c t i o n  Kp -t Tk.rr)p, f o r  two e f -  
f e c t l v e  mass ranges. 



The slopes o f  these d l s t r l b u t i o n s ,  ca lcu la ted I n  the i n t e r v a l  

0 2  It,l (0.002 GeV2, a re  respect lve ly  B = 14.6 GeVe2 and B =  11.8Ge~-~. 

These r e s u l t s  may be compared w i t h  the experimental onesa, shown l n  f l g .  

(8). 
The parameters of TCDH used t o  ob ta in  the r e s u l t s  above  a r e  

ITN atot = 2) mb, f t2=  20 mb, a z t  a 24 mb, BrN = 7 G ~ v - ~ ,  Bm = 6.5GeV2 

and Bm = 6 .S GeV' . 
The react  ion o f  type B studied here i s  K + p + (@+r) + p .  The 

h e l l c l t y  amplitudes and the p a r t l a l  wave amplitudes are  given by eqs. 

(23) and (52) respect i v e l  y. 

A slope mass c o r r e l a t l o n  may be observed i n  the S and P waves. 
+ 

I n  f l gs .  (5,6,7) we see the d i s t r i b u t i o n s  fo r  1 S and O-P waves,  re-  

s t r i c t e d  by M=O, i n  the e f f ec t i ve  mass ranges 1 .O4 < Mpr 2 1.20 GeV, 

I .20 < M < 1.35 GeV and 1.35 < M < 1 .SO GeV. - Pír - - P a -  

0 5 lt,I 

w i t h  the 

aN 
atot = 22 

Gevm2 and 

The slopes of these d i s t r l b u t i o n s  ca lcu la ted i n  the i n t e r v a l  

< 0.02 G ~ v ~ ,  are  glven i n  those f i gu res .  - 
The r e s u l t s  fo r  the two hlgher mass i n t e r v a l s  may be compared 

experimental d i s t r l b u t i o n s 8  and slopes o f  f i g .  (8) .  

The TCDM parameters used t o  f i n d  these experimental slopes are 

rnb, = 18 mb, = 21 mb, BTfl = 9.0 Ged2,  BpN = 4. 5 

Em = f. O G~v - ' .  

A!; may be observed l n  f l g .  5, there e x i s t s  a s t r o n g  i n t e r -  

ference i n  the 0- P wave, whose slope i s  much higher than tha t  o f  the 
+ 

1 S wave. As a consequence o f  t h a t  in ter fe rence there  appears a d i p  i n  

the 0- P wiave. The d i p  naves s lowly t o  h igher values o f  / t2 1 as Mpa 
I ncreases. 

I t  must be remembered however t ha t  i n  the mass i n t e r v a l s  where 

the data are  given, mainly i n  the hlgher ones, there e x i s t  Kka r e s o n -  

ances. 

The d i p  i n  the 0- P wave, predlcted by the model , 1 s not  seen 

i n  the data. Possib ly It 1s covered by resonance e f fec t s ,  o r  the la rge 

e r ro rs  near t, = - 0.3 G ~ V '  do not  permi t t o  observe the d ip .  
+ 

The reac t lon  o f  type C, p + p +-(n+~ ) + p ,  a l lows an exce l len t  

t e s t  f o r  theTCDM. This reac t ion  has the bestdataamong the D D R .  A 

c lea r  slope-mass-cos eGJ c o r r e l a t i o n  may be observed i n  these data. This 

reac t ion  has some spin complications. However the TCDM may be reggeized 



F i g . 5  - (I+s) and (O-P) ~ i ~ . 6  - The sarne as f i g .  F ig .7  -The same as f i g .  
p a r t i a 1  wave d i s t r i -  (5) f o r  1.20: Mp& . 3 5  (5) f o r  1 .35.<MPa': 1.50 
b u t  ions and s l  opes o f  ( G ~ v )  . (GeV). 
t h e  r e a c t  i o n  ~ p - + ( k . r r ) ~ ,  
i n  t h e  e f f e c t i v e  mass 
range 1  .O4 ,< Mp7T&l '20 
(GeV) . 



Flg.8 - Experimental r e s u l t s  o f  t h e  
p a r t i a 1  wave c ross  sec t lons  f o r  t h e  
r e a c t i o n s  Kp + ( k n ) p  - ( 0 - S )  and 
K p +  - (1's and O-P), l n  two 
e f f e c t  i v e  mass range8. 



and d u a l i z e d .  Two p a r a m e t r i z a t i o n s  have been ob ta ined  f o r  t h e  d u a l i z e d  

TCDM. The dua 1 resonance parametr i z a t  i o n  (DRP) i s o b t a  ined accord ing  t o  

t h e  Veneziano ansatz.  We cannot expect  t h a t  t h e  t h e o r e t i c a l  mass spec- 

t rum f i t s  w e l l  t h e  exper imenta l  one w i t h  t h i s  r i g i d  p a r a m e t r i z a t i o n .  

A more f l e x i b l e  p a r a m e t r i z a t i o n  t o  d e s c r i b e  t h e  resonances i s  

the  dual  reggeized Deck p a r a m e t r i z a t l o n .  I n  t h i s  case t h e  V e n e z i a n o  

f u n c t i o n s  a r e  rep laced by t h e i r  Regge l i m i t s .  

The f i t s  o f  these p a r a m e t r i z a t i o n s  t o  t h e  d a t a  a r e  shown i n  

f i g s .  (9) t o  (16) .  The va lues  o f  t h e  (TCDM) parameters (which a r e  t h e  

same f o r  t h e  two cases) a r e  uirp = 25 mb, = 30 mb, upP = 40 rnb, t o t  t o t  
B = 10 G ~ v - ' ,  Bnp = B = 9 GeV- and h = 0.3 GeV. 
T' PP 

The t o t a l  mass spectrum, f i g .  (9) ,  f i x e s  t h e  o v e r a l  l normal i z -  

a t i o n s  f o r  t h e  two paramet r i za t ions .  F i g .  (10) shows t h e  d~/dt,  d i s t r i -  

b u t i o n s  f o r  some windows i n  Mm and cos €IGJ. These windows appear i n  

f i g .  (I I ) ,  where t h e  zeros o f  t h e  ampl i tudes ,  determined by eqs. (291, 

a r e  loca ted .  F i g .  (12) shows t h e  n e t  d i f f r a c t i v e  s lope  (8) as a func-  

t i o n  o f  the e f f e c t i v e  mass and the  good f i t t i n g  o f  t h e  s lope  p r e d i c t e d  

by the  DRP. 
There i s  a  s a t i s f a c t o r y  agreement o f  t h e  p a r a m e t r i z a t i o n s  w i t h  

t h e  cos eGJ and @GJ d i s t r i b u t i o n s ,  shown i n  f i g .  (13).  The .  d u a l  i z e d  

TCDM reproduces wel 1 t h e  tu rnover  o f  t h e  cos eGJ d i s t  r i b u  t i o n s  a t 

c o s  o G J  = +I. 
Al though t h e r e  a r e  no exper imenta l  r e s u l t s  t o  be c o n f r o n t e d  

w i t h ,  i t  i s  i n t e r e s t i n g  t o  see how the  s lope  mass c o r r e l a t i o n  a p p e a r s  

i n  p a r t i a l  waves. F igs  (14,15,16) show the  S, P and D waves  d i s t r i -  

bu t ions ,  r e s t r i c t e d  by M = Ia .  It may be seen t h a t  t h e  s t ronges t  i n t e r -  

ferences occur  i n  t h e  P and D waves, i n  which t h e r e  appear d i p -s  a n d  

tu rnovers .  

Another r e a c t i o n ,  o f  the  same type,  which i s  v e r y  w e l  l de- 

s c r  i bed by the  dual  i zed  TCDM i s  p + p -+ (A+K+) + p. See f i g u r e s  (1 7-21) 

taken f rom re fe rences  l c ,  where t h e  comparison w i t h  t h e  e x p e r i m e n t a l  

da ta  was made. 

The r e a c t  i o n  o f  t ype  D anal  yzed here, p + p -+ (A++ + ir-) + p ,  
has h e l i c i t y  amp l i tudes  ahd p a r t i a l  wave amp l i tudes  g i v e n  I n  re fe rence  

I d .  The complex i t y  o f  these amp l i tudes  does n o t  perrn i t  t o  d e r i v e  s imp le  

equat ions t o  determine t h e  p o s i t i o n s  o f  p o s s i b l e  zeros. But t h e  numeri-  

c a l  c a l c u l a t i o n s  o f  dcf/dt, show t h a t  t h e r e  e x i s t s  s l o p e - m a s s  c o r r e -  



i a )  

Ftg.9 - E f f e c t t v e  rnass ( M ~  ) d l s t r i b u t i o n s  o f  t h e  
r e a c t l o n  Np + ( N I T ) ~  f o r  (ay  -0.1 t2 < 0.02; (b) 
-0.08 < t2 < -0.02 and (c) - 1  . O  < t2 < -0.2. The 
f u l l  l l n e  represen ts  t h e  dual  Deck p a r a m e t r i z a t i o n  
and t h e  d o t t e d  l i n e  represen ts  t h e  dual  resonance l a  
p a r a m e t r i z a t i o n  . 



cor  0 c -0.9 /cor  01 ~0.3 c o r e  >0.9 

Flg.10 - t2 distributions integrated in severa1 regions of 
MflT and cos eGJ. 



r' m 
0.9 -0.3 O 0.3 

cos 8G.J 

Flg.11 - The l oca t i on  o f  the zero o f  the amplitude f o r  
Np -+ ( N T ) ~ ,  as a f unc t i on  of cos OGJ, MNT and t*. The 
rectan l es  l abe l l ed  from (a) t o  ( R )  are the regions i n  
cor ec4 and MNT i n  which the t 2  d i s t r i b u t i o n s  o f  f i g .  
( t  O )  are Integrated.  

Fig.12 - The t2 slope 
as a func t lon  o f  Mm. 

O 1.2 1.4 1.6 1.8 2.0 2.2 2.4 



Fig.13 - (a) cos eGJ distribution for 
1 .O8 < MN, < I  .4 (GeV) and -0.23 < t2<0. 
(b) +GJ dlstributlon for 1.2a < 375 

1, &j (GeV) , -0.2<t2<-0.02 and O.8<cose <i. 
(c) The same as (b) except 

Flg.14 - S, P and D partia1 wave tz dlstributions 
for the reaction Np -i (Nr)p integrated in two 
effective mass range, and restricted to (M = i ) .  a 



- 
0.0 02 O?) 0.6 I 

(1, GSV'  

d- p - WAVE 

- 
01) 02 O?) 06 1 
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distributions. 
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1-19.16 - '(~=3/2) and (J=5/2) part ia1 wave tz 
distributlons. 



pp-~(AK+)COMBINED DATA OF 12 AND 24 GeV/C 
I I I l ' l  l l l l l l l f t  

F i y . 1 7  - The mass distribution of the ( A k )  system. The full line shows 
the results o f  the (TCDM)'~. 



1 COMBINED DATA OF 12 AND 24 G ~ V / C  
I(AK*) 1.86 GeV I.~sM(AK+)<~.c~v M ( A K * ) z ~ . ~  0rVN 

( I 1  1 (til 

* 

FIg.18 .- du/dt2 d i s t r l b u t l o n s  f o r  var lous M(AK+) i n t e r v a l  S ,  
in tegra ted over, a1 1 cos 0GJ and 4GJ. (a) f o r  a1 1 M(AK) masses,  
(b) fo r  1.61 ,< M(AK) á 1.8 GeV, (c)  f o r  1.8 s M ~ K )  ,< 2.0 GeV, 
(d) f o r  2.0 6 M(AK) É 2.5 GeV. 

- - 

D-D(AK*)COMBINED DATA OF 12 AND 24 GeV/C 

rrr e&-0.5 lcorewlr 0.5 - cor ew>0.8 --- a & >  0.5 

O?) 0.8 O 0.4 OB O 0.4 0.8 ID 

Fig.19 -du/dt2 d i s t r l b u t l o n s  
f o r  some cos 8GJ+regions,for 
a1 1 rnasses o f  AK systern and 
lntegrated over a l l  $JJ (a) 
i n  the i n te rva l  cos 0 <-0.5; 
(b) f o r  (cos eGJ I 6 0.5; (c) 
cos 0GJ > 0.8 ( f  u l  1 1 i ne) ,  
cos eGJ 2 0.5 (dot ted 1 lne) . 
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i õ 3 1  
O 0.2 0.4 a6 08 

t i  [Gevq 

Fig. X - a  
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Fip. 20-b 

Fig.20 - T h e o r e t i c a l  do/dtz d i s t r i b u t i o n s  c a l c u l a t e d  by (TcDDM).  (a) I n  
t h e  i n t e r v a l s  1.61 É M(AK) 6 1.7 ( G ~ V )  and -0.5 6 cos eGJ d -0.3. (b) 
I n  the  i n t e r v a l s  1.7 ,< M(AK) s 1.8 ( G ~ v )  and -0.5 d cos eGJ ,< -0.3. 

Fig.21 - Got t f r i ed- Jackson  
ang le  d i s t r i b u t l o n s  f o r  
a1 1 masses M ( A K )  and f o r  
O 4< I t 2 )  5< i. (a) cos @GJ 
d i s t r i b u t i o n  i n t e  r a t e d  2 over  a11 @J. (b) 4 J d i s -  
t r i b u t i o n  i n t e g r a t e d  over  
a i  1 cos 0GJ. 



l a t i o n s  i n  the  d i s t r i b u t i o n s  f o r  t h a t  r e a c t i o n .  I n  f i g .  ( 2 2 )  we s e e  

t h a t  t h e  s lope  decreases as  t h e  e f f e c t i v e  mass increases.  F ig .  (23) shows 

how the  s lope  depends on the  e f f e c t i v e  mass and on the  cos €IGJ l n t e r v a l s  

The s e t  o f  Darameters o f  TCOM used i n  these c a l c u l a t i o n s  a r e  

k = 25 mb, = 40 mb, = 50 mb, BTN = 10 GeV-', BmN = 9 G ~ V "  
t o t  t o t  

and BllrA = 8 G ~ V -  , a n d  t h e  s l o p e s  a r e  c a l c u l a t e d  i n  t h e  i n t e r v a l  

i s  t o  l o o k  a t  t h e  p a r t i a l  wave d l s t r i b u t i o n s .  I t  must 

t h e  p a r t l a l  wave d i s t r l b u t i o n s  a r e  here  r e s t r i c t e d  by 

M=A . Th is  c o n d i t i o n  has t h e  advantage o f  s i m p l i f y i n g  
a 

and i s  enough t o  e x h i b i t  a  p o s s i b l e  s lope-mass- par t ia  

I n  f ig .  (24) we see t h e  S, P  and D  wave d i s  

The bes t  way t o  see t h e  s lope  mass c o r r e l a t i o n  i n t h i s  r e a c t i o n  

be remembered t h a t  

t h e  c o n d i t i o n  

t h e  c a l c u l a t i o n s  

1 wave c o r r e l a t l o n .  

t r i b u t l o n s  f o r  two 

e  shows a  s t r o n g  i n t e r f e r e n c e ,  w i t h  e f f e c t i v e  mass i n t e r v a l s .  The S  wav 

a  d i p  a t  t, 2 - 0.35 GeV . 
The examinat ion o f  each amp 

d i s t r l b u t i o n s ,  a l l o w s  us t o  seek f o r  

i n  f i g .  (24) .  

P  1  i tude  A ( L ~ )  1/2,  f o r  P and D wave 

i n t e r f e r e n c e  s t r u c t u r e s  n o t  seen 

+ + + 
F i  g. (25) shows the  A(P1 /2)  /2, A  ( ~ ~ 1 ~ )  /2 ana A(PgI2) /2  d  1 s- 

+ 
t r i b u t i o n s .  Among these, t h e  A ( P ~ / ~ ) ~ / ~  i s  t h e  one t h a  t shows t h e  

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, 2 - 0.1 Gev2. 

The r e l a t i v e  normal i z a t l o n  i n  f i g .  (25) shows t h a t  t h e  p a r t i a l  
+ + 

wave A(P1,2) i s  two o r d e r s  o f  magnl tude l a r g e r  than A(PI12) where 

t h e  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  Pwave d i s -  

t r i b u t l o n s ,  showed i n  f i g .  (24),  do n o t  p resen t  d i p s .  

The D wave spectrum f o r  each J ,  i .e . ,  t h e  ~ ( 0 ; ~ ~ )  112,4(~;12 

A @ ; ~ ~ ) ~ ~ ~  and A ( D ; ~ ~ ) ~ / ~  wave d i s t r l b u t i o n s  a r e  shown i n  f i g .  (26) .  Me 

remark t h a t  o n l y  t h e  A ( D ; / ~ ) ~ ~ ~  and A(D; / : )~~~  waves p r e s e n t  d i p s  a t  

t2 2 - 0 . 6  G ~ V ~  a n d  t a - 0 . 4  GeV r e s p e c t i v e l y .  The t o t a l  D 
2 - 

wave d l s t r i b u t i o n ,  showed i n  f i g .  (24) does n o t  p resen t  d  

a11 the  c o n t r i b u t i o n s  f rom d i f f e r e n t  J va lues  a r e  added. 

Thr? n e t  s l o p e s  f o r  e a c h  wave ,  c a l c u l a t e d  i n  

i p  s because 

t h e  i n t e r v a l  

O < 5 0.02 GeV , a r e  shown I n  t a b l e s  1  a n d  2. I n  t a b l e  2  we 

remark t h a t  a l l  waves, b u t  PJ = 3/2, p resen t  an expected mass- s l o p e -  

- p a r t i a 1  wave c o r r e l a t i o n ,  t h a t  i s ,  t h e  s lope decreases as t h e e f f e c t i v e  

mass MA= Increases.  



Fig.22 - tz distributions and slopes, for reaction 
pp -+ (A++T-)~, integrated in two effect ive mass 
ranges. 

FIg.23 - tn dlstributlons and slopes forpp-t (A++T-)~, inte- 
grated i n  two intervals of MAT and three intervals of tos eGJ. 
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The abnormal behaviour  o f  the  P 
J=3/2 happens because t h e  zero  

occurs f o r  smal l e r  1 t 2  1 when si Increases.  

The r e a c t i o n s  o f  t ype  A and B a r e  a n a l i s e d  w i t h  combined d a t a  

f rom experiments a t  10, 14 and 16 GeV i n c i d e n t  K- momenta. And f o r  the  

r e a c t i o n s  o f  t ype  C and D the  da ta  come f rom experiments a t  12 and 24 

GeV i n c i d e n t  p r o t o n  momenta. I t  was observed t h a t  t h e r e  1s no s i g n i f l -  

cant  v a r i a t i o n  o f  t h e  c ross  sec t ions  i n  the  energy I n t e r v a l s  ana l i sed .  

"2 
'Table 1 - Values I n  GeV o f  the s lopescor respond ing  

t o  t h e  curves da/&, shown a t  f i g .  24. 

Table 2 - Values i n  G ~ v - '  o f  t h e  s lopes f o r  e a c h  wave  

w l t h  w e l l  d e f l n e d  L and J values,  shown i n  f i g s .  25 and 

26. 

L 

P 

, 

J 

1 /2 

3/2 

5/2 

1 /2 

312 

5/2 

7/2 

1.37 < M A T  5 1.40 GeV 

B =  7.1 

B = 24.2 

B = 22.8 

B = 17.2 

B = 13.4 

B = 18.9 

B = 43.2 

1.40 L MAT 5 1.45 GeV 

B = 4.5 

B = 33.2 

B = 18.1 

B = 16.4 

B = 13.0 

B = 13.2 

B = 34.7 



APPENDIX A 

This appendlx contalns a sumnary o f  the k inemat lcal  var iab les  

and expresslons used i n  t h i s  paper. 

The DDR a + b 3 (1+2) + 3 may be represented as i n  f l g .  ( I ) ,  and 

the TCDM which describes these react lons has the diagrams o f  f ig .  (2 ) .  

The four-momenta corresponding t o  the externa1 l ines are  pi(i = 

= a,b,1,2,3) and f o r  the Interna1 1 ines we def ine  

At the d i f f r a c t i v e  ve r t l ces  the fo l l ow ing  four-momenta are used 

The invar ian ts  constructed wl t h  these b v e c t o r s  are 

The energies E$ and the momenta lCil (iw,b,1,2,3) a redef ined 
3 -+ 

I n  the Gott f r ied- lckson frame fo r  p l  + p, = O the 1 + 2 r e s t  sys tem,  
3 

see f l g .  27. The expresslons o f  E$ and IPi( are given by 

Fi g. 27 - Go t t f  r i e d  ;Jazkson 
coordi nates f o r  RI 2 (~,+p,=o). 



where 

t = 8,-s-t,+m2+m2+ m 
a3 a b 

and X(x, $z) 1s def ined by 

A(x,y,z) = x2+y2+z2-2(xy+xz+yz) (A. 6) 

The angular coord lnates f o r  the momenta a r e  

The angles I n  GJS a r e  r e i a t e d  by 

cos 0 = cos a cos 0 + s i n a  sen ecos 

High energy approx6nation (HEA) 

These approximations correspond t o  

2 
s , ~ ~ ~ ~ ~  >> 31, Itll, lul] ,]t21 ,mi (i=a,b,1,2,3) (A.9) 

U s i n g  eq. ( A . 9 )  we obta ln  

2Q.R 2 s ,  , 2P.R 2 s3, 2K.R 2 8 

cos a - 2i -(s1-m2t2)/X 

(A. i O) 



2 s i n  a 2 2% ,it; /h1/2 (sl,%,t,) (A. 11) 

For very small values o f  I t 2 (  eq.(A.8) becomes 

then, ca r r y ing  i n t o  eq. (A.12) we ob ta in  

s 2 - * S ( E ~  - cos e ) / & +  (2s 1Pl1 - m:))sin e cos 4 
and 

õ, 2 S ( E ~  + I I cos e ) / q  - (2s 1 C, 1 J-t2/(s1 - 6)) s i n  0 cos @ 

(A. 14) 

I n  the same approximatlons we have 

and 
2 -+ 

(u, - ml) 2 - (s l  - 6) + I pl 1 cos 0 11% 

(A. 15) 

From eqs. (A. 1 4 )  and ( ~ . 1 5 )  we ob ta in  

and (A. 16) 

s2 S 2 1%- s i n  0 cos @ 
-+ 

s1 - rn2 1 a (sl - m(;)(~,-Ip,lcos 8 I 
and a t  the l i m i t  t2 = O ,  we have the r e l a t i o n  

For a three p a r t i c l e s  f i n a l  s ta te  reac t ion  the cross- sect ion 

1s given by 



where 

I n  t h i s  appendlx we c o l l e c t  some r e s u l t s  usefu l  f o r  the pro jec-  

t i o n  i n t o  pa r t i a1  waves o f  the h e l i c i t y  amplitudes, obtained th roughthe 

TCDM, f o r  the DDR. 

Neylect lng the sp in  s t ruc tu re  of (M3)  vertex,  due t o  the fac-  

t o r i z a t l o n  property,  the h e l i c i t y  amplitude, g iven by the TCDM f o r  the  

DDR a + b -+ (1+2) + 3, i n  the GJS, making use o f  the Jacob-Wlck conven- 

t lon ,  has ar1 e x p l l c l t  phase 

where h = AI ,- A p .  

The: h e l i c i t y  amplitudes fo r  t o t a l  angular momentum J o f  the 

dlssociated sybsystem (1+2) and I t s  p ro jec t i on  M ,  on the Inc ldent  beam 
-t 

d l r e c t i o n  pa, and normal i ty  +, a re  given by 

where 

I n  the above expresslon rll and 
r), and 6, and A ,  a r e t h e i n t r i n -  

s l c  p a r i t l e s  and spins o f  the p a r t i c l e s  1 and 2 respect ive ly ;  v 1 2  = O 
f o r  integer J and v12 = 1/2 f o r  h a l f  integer J. 

The p a r i t l e s  o f  the amplitudes are  given by 

p = 2(-1)JU~2 (8.4) 



For X 1  = X 2  = O Instead o f  eq. (8.2) we have 

where 

Frorn p a r i t y  conservation we ob ta in  the r e l a t i o n  

n = n1n2na 

The ampl i tudes i n  eq. (8.2 ) a l so  s a t i s f y  

The amplitudes f o r  we!l def ined J, M, o r b i t a l  angular mornentum L, sp in  
+ +  + 
A = A, + b 2  and normal i t p  (i), o f  the subsystem 1+2 are  given by 

(8.9) 

where C?: and Ci a re  the Clebsh-Gordan coef ic ien ts .  Iri  thecases 
,,-X2,X 

f o r  which h,= O 1 ,  6 = b ,  , the arnpl i tudes i n eq. (6.9) becorne 

(8.10) 

Frorn the eqs. (6.6) and (8.8) we ob ta in  
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Resumo 

Neste a r t i g o  apresentamos um conjunto de novos resul tados de 
Reações de Dissociação D i f r a t i v a ,  no contexto do Modelo Deck a Três Com 
ponentes. Estes novos resul  tados são confrontados com outros recentemec 
t e  publicados para apresentar uma visão geral do modelo, suas predições 
e comparações com resultados experimentais. Dois t i p o s  de amplitudes e 
c r re lações são observadas. A corre lação inc l inação difrat iva-massa-cos 
8 ' ~  e a inc l inasão difrativa-massa-ondas pa rc ia i s .  


