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00th from the experimental and theo re t i ca l  po in t s  o f  view, 
+ 

the researches on J' = 1 mesons have been very important f o r  hadronic 

physics. The complex problems involv ing these states (pa r t i cu la r l y  i n  what 

regards thedeterminat ion  of resonances and other non-resonant e f f e c t s )  

have occupied a great  p a r t  o f  the  hadron-hadron phenomenology l i t e r a -  

t u r e  i n  the l a s t  decade. We g i ve  a desc r i p t i on  o f  the p r i n c i p a l  views 

of the subject  w i t h  a p a r t i c u l a r  emphasis on the case o f  the A ,  b p n )  

meson because i t i s  the most important source o f  papers on P= 1' ob- 

j e c t s  and presents s t i l l  now, open problems. Analmost exhaus t i vese to f  

references on the subject  and co r re la ted  top ics  i s  given. 

Tanto do ponto de v i s t a  t eó r i co  quanto experimental as pes- 
+ 

quisas sobre mesons de 3 = 1 têm s ido  mui to importantes para a fí- 

s ica  hadrônica. Os ~ o ~ ~ l e x o ç  problemas envolvendo esses estados (par- 

t icularmente no que d i z  respe i to  5 determinação de ressonâncias e de 

outros e f e i t o s  não-ressonantes) ocuparam grande pa r te  da 1 i te ra tu ra  

sobre fenomenologia hadron-hadron na ú l t ima  década. Apresentamos uma 

descrição dos p r i nc ipa i s  aspectos do assunto com p a r t i c u l a r  ênfase no 

caso do rneson A I  (+pv), j á  que é a p r i n c i p a l  fon te  de a r t i g o s  sobre 
+ 

objetos com f = I è apresenta, ainda, problemas abertos. Uma b i -  
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b l i o g i - a f i a  quase exaus t i va  des te  t ó p i c o  e  de t ó p i c o s  c o r r e l a t o s  é i n -  

c l u i d a .  

1. INTRODUCTION 

Our p r i n c i p a l  m o t i v a t i o n  here  was t o  d e s c r i b e  t h e  comp lex i t y  
+ 

o f  problerns i n v o l v i n g  s p i n - p a r i t y  J> = 1 s t a t e s  and, a t  t h e  same t ime,  

t o  rnake a  c r i  t i c a l  rev iew o f  t h e  models proposed up t o  now. To promote 

a  s t a t u s  o f  bona f ide  resonances f o r  these s t a t e s  ( p r e d i c t e d  by s U ( ~ ) ) ,  

has r e q u i r e d  t o  overcorne enormous exper imenta l  d i f f i c u l t i e s  on t h e  one 

hand and has suggested a  g r e a t  q u a n t i t y  o f  t h e r e o t i c a l  models on the  

o t h e r  hand. As an exarnple o f  t h e  problerns connected w i t h  t h e  dilemma 

"resonance" versus "Deck e f f e c t "  ( f a l  se propos i t ion)  have tr iggered a  

l a r g e  p roduc t ion  o f  papers as we w i l l  see i n  the  f o l l o w i n g .  I n  s p i t e  o f  

rnany problerns being s t i l l  comp le te ly  open, some o f  them have become ob- 

s o l e t e  o r  have been f o r g o t t e n  due t o  t h e  coming o f  a  new phenomeriology 

- us ing  t h e  language o f  Quarks and Par tons - .  But what a r e  those pro-  

blerns and what suggest ions cou ld  we g i v e  t o  s o l v e  thern? We i n t e n d  here 

t o  answer a t  l e a s t  p a r t i a 1  l y  these ques t ions .  There a r e  many t h e o r e t i -  

c a l  models t o  descr ibe  p a r t i c u l a r  views o f  t h e  s u b j e c t  b u t  we f e e l  t h a t  

one lacks  a  g l o b a l  v iew t o  take  i n t o  account a l l  p a r t i c u l a r  f a c t s  i n  a  

s e l f - c o n t a i n e d  form. 

F i r s t  o f  

2)  - and nex t  we d 

v iew - ( s e c t i o n  3 )  

a l l ,  we descr ibe  the  exper imenta l  r e s u l t s  - ( s e c t i o n  

iscuss t h e  t h e o r e t i c a l  and phenomenological p o i n t s  o f  

. These two p a r t s  o f  t h e  paper can be read indepen- 

d e n t l y .  The reader can go d i r e c t l y  a t  any one o f  them. We f i n i s h  w i t h  

a  conc lus ion  (sec.4) - t h a t  summarizes a11 p o i n t s  d iscussed i n  t h e  tex t .  

A s  a  genera l  rernark c l o s i n g  t h i s  I n t r o d u c t i o n ,  i t s  i s  g r a t i f y i n g  t h a t  
+ 

the  S U ( ~ )  p r e d i c t i o n  f o r  these 3 = 1 o b j e c t s  have been now a lmost  f u l -  

f i l l e d  by t h e  new exper imenta l  r e s u l t s ,  a l though  some d i f f i c u l t i e s  s t i l l  

e x i s t  l i k e  the  o b s e r v a t i o n  o f  t h e  A: t h a t  con t inues  t o  be a  problem, 

( s p e c i a ~ ! ~  i n  charge exchange r e a c t i o n s )  as we w i l l  see i n t h e f o l l o w i n g  

and the  d e t e c t i o n  o f  H and H '  



2.1. Generelities 

\Je begin w i t h  a  genera l  v iew o f  t h e  exper imenta l  r e s u l t s  ob- 

t a i n e d  ir: t h e  l a s t  years.  The a im o f  some o f  these exper iments was t h e  

i d e n t  i f  i c a t i o n  o f  a  number o f  resonances B, (H,Hr) , ( D , D f  5 E) (QA , QB) 
+ 

and A, as 3 = I meson s t a t e s ' ,  be long ing  t o  two S U O )  monets g i v e n  i n  

Table ( I ) ' .  We have choosen a  c e r t a i n  number o f  d i s t r i b u t i o n s ,  ( inva-  

r i a n t  mass, t r a n s f e r  momentum, angu la r )  p a r t i a 1  wave a n a l y s i s  (PUA) and 

r e l a t i v e  o r  p h a s e- s h i f t  a n a l y s i s ,  t o  g i v e  an idea about t h e  experimen- 

t a l  s i t u a t i o n .  I n  f a c t  we d i s p l a y  o n l y  a  l i t t l e  number o f  r e s u l t s ,  t h e  

most s i g n i f i c a t i v e  and recen t  ones. React ions o f  t h e  d i f f r a c t i v e  d i s s o -  

c i a t i o n  t y p e  (see F i g .  ( 1 ) )  have been p r e f e r e n t i a l l y  chosen due t o  t h e  

g r e a t  number o f  d i f f r a c t i v e  p r o d u c t i o n s .  As i t  i s  e v i d e n t  f rom ~ i g . ( l ) ,  

by d i f f r a c t i v e  p r o d u c t i o n  f o r  2'3 ( p a r t i c l e s )  (a+b+1+2+3) we mean those 

r e a c t i o n s  f o r  which t h e  squared c e n t e r  o f  mass energy S = (Pa+Ph)2 and 

t h e  sub-energy S, = ( p , + ~ , ) ~  a r e  l a r g e  w h i l e  S,  = (p1+p2)' = ~:,(squa- 

Table I - A11 s t a t e s  F =  l ' a r e  c l a s s i f i e d  accord ing  t o  sU(3) ' (see 

r e f  . 2 ) .  3 i s  t h e  s p i n - p a r i t y  and I i s  the  i s o s p i n  quantum numbers. 

St range 
1 /2 

M i x i n g ?  L-_- 



Fig.1 - A general diffractive production where the Pomeron i! exchanged 
in the vertex b3. bi represents all possible processes a P 4 12. 

red  i n v a r i a n t  mass o f  1+2) i s  smal 1 .  I n  these r e a c t  ions we a l s o  observe 

a s t r o n g  c o n c e t r a t  i o n  o f  events a t  smal 1 t2 (momentum t r a n s f e r  between b 

and 3 ) .  The h i g h  v a l u e  o f  S, and smal l  va lues  o f  t, j u s t i f y  t h e  assump- 

t i o n  o f  Pomeron (I?) exchange f o r  t h e  (b3) v e r t e x .  We r e p o r t  a l s o  o t h e r s  

exper imenta l  r e s u l t s ,  as n o n - d i f f r a c t i v e  r e a c t i o n s ,  fo rward  and backward 

p roduc t ions ,  charge exchange r e a c t i o n s .  I n  these cases f o r  reasons r e -  

l a t e d  t o  searches f o r  A: and H, we favour  t h e  charge exchange react ions.  

B y c o n t r a s t ,  w e g o  h a s t i l y  through t h e e x p e r i m e n t a l l y  w e l l  e s t a b l i s h  

r e s u l t s  (e.g. B and D ) .  Uhen i t  w i l l  be necessary we make some theore-  

t i c a l  comments i n  t h i s  s e c t i o n .  

2.2.8. Budha 

The c o n s t i  t u e n t  of t h e  SU(3)  nonet ,  FC = 1'- c a l  l e d  Budha 

(B13 (Table I) i s  now w e l l  e s t a b l  ished as a good resonance. We g i v e  be- 

tow, a number o f  d i s t r i b u t i o n s  w i t h  t h e  purpose o f  p o i n t  i n g  o u t  t h e  

ex is tence  o f  t h i s  o b j e c t  among o t h e r s  w i t h  t h e  same s p i n - p a r i t y .  I t s  

main p r o p e r t  i e s  a r e ' :  

a) pYc = i+)+-(B', B- and where f r e f e r s  t o  t h e  isos- 

p i n  and G- p a r i t y .  



tl) Mass and Width, M = 1231I10 (MeV), rB= 129f10 (MeV). 
B 

c )  Decay mode5, B%IT (on l  y  seen) . 
d) Studied reac t ions ' ,  nN, KN and pi a t  d i f f e r e n t  energ ies .  

7 ( G ~ v / c )  160122 (pb) 

. 1  (Gev/c) 123+22(ub) 

1 3.2 ( ~ e V / c )  108130 (pb) 

4.2 (GeV/c) 67120 (vb) 
9 

i v )  K > +  C- B+ ( ~ a c k w a r d  ~ r o d u c t i o n )  

a t  4.2 (Gev/c) 3 .2 f0 .5  (pb) 

We show i n  ~ i ~ .  (2) t h e  i n v a r i a n t  mass d i s t r i b u t i o n s  f o r  two 

d i f f e r e n t  r e a c t i o n s  and energ ies ,  t h e  nN and KN backward p r o d u c t i o n  o f  

B. I n  b o t h  r e a c t i o n s  t h e  B p r o d u c t i o n  i s  c l e a r .  The mass and w i d t h  va- 

lues  ob ta ined  f o r  t h e  B from t h e  r e a c t i o n  KN ( ~ i ~ .  (2a ) ) ,  a r è :  MB = 

= 1242 I 10 ( M ~ v )  and rB = 140 f 40  (MeV). 

From F i g .  (2b),  t h e  backward p r o d u c t i o n  o f  B i n  KN r e a c t i o n  

i s  es t imated  a t  MB = 1208 f 18 ( M ~ v )  and rg = 163 50 ( M ~ v )  . 

130th e ~ ~ e r i m e n t s ~ ' ~  f i t  t h e  da ta  w i t h  a Bre i t - Wigner  fo rmu la  

and backgrounds o f  d i f f e r e n t  types.  I n  F i g .  (3) we show a t r a n s f e r  mo- 

mentum d i s t r i b u t i o n  f o r  TN i n t e r a c t i o n  ( t  = tS, pt = p r o t o n  t a r g e t  

and p = f iria1 p ro ton)  . PtPf 
f 

A s t r o n g  c o n c e n t r a t i o n  o f  events occurs a t  small  va lues  o f  t2. 

Th is  s i t u a t i o n  i s  n o t  excep t iona l  and c h a r a c t e r i z e s  t h e  c o n t r i b u t i o n  o f  

p e r i p h e r a l  mechanisms p resen t  i n  B p roduc t ion .  I n  s p i t e  o f  t h e  f a c t  tha t  

t h e  B i s a wel l s t a b l  ished resonancelb, o t h e r  per  ipheral mechanism (non- 

- resonant  background) can be v e r y  impor tan t  i n  an exac t  determinat ion o f  

p r o d u c t i o n  c ross- sec t ions  i n  each s p e c i f i c  r e a c t i o n .  A11 r e s u l t s  f rom 

t h e  publ ished l i t e r a t u r e l a  c o n f i r m  t h e  resonance hypo thes is  f o r  B i n  a  
+ 

c l e a r e r  way than f o r  most o f  o t h e r  hand 3 = 1 o b j e c t s  as we w i l l  see 

i n  t h e  f o l l o w i n g .  



F i g . 2  - a )  Mass d i s t r i b u t i o n  for  wlf from r e f .  7 .  b) wrr' mass d i s t r i b u -  

t i o n  for  x - ~  backward r e a c t i o n  a t  4 . 2  Gev/c from r e f  .9.  



Fig.3  - Homentum t ransfer  d i s t r i b u t i o n  i n  the 8- mass reg ion from re fe-  

rençe 7. 

2.3. H and H' 

'These two s t a t e s  seem t o  be p a r t i c u l a r l y  d i f f i c u l t  t o  d e t e c t  

exper imenta l  lYloa. Only nowlob  a f t e r  alrnost t e n  years,  does a  reasona- 

b l e  evidence about t h e  H ex is tence  emerge and even now i t s  pararneters 

a r e  n o t  y e t  v e r y  c o n c l u s i v e l y  e s t a b i i s h e d :  a )  3' = i+-, MH^l . O  (GeV); 

b) p o s s i b l e  decays: K ~ T  and p r .  One o f . t h e  d i f f i c u l t i e s  i s  t h a t  t h e  r e -  

g i o n  o f  mass o f  t h i s  resonance o v e r l a p s  w i t h  t h a t  o f  the  Al. A l though 

t h e  i s o s p i n  va lues  a r e  d i f f e r e n t  f o r  A1(1= l )  and ~ ( 1 4 1 ,  i t  i s  v e r y  d i f -  

f i c u l t y  t o  make a  c l e a r  separa t ion  i n  t h e  g l o b a l  mass spectrum o f  n+?;voC 

Some au thors "  arque t h a t  t h e  p-r+ charge s t a t e s  a r e  more s u i t a b l e  t o  
- + 

search f o r  t h e  H and A:. T h i s  i s  due t o  t h e  d i f f e r e n t  p n mass spec- 
+ - 

trurn ob ta ined  i n  comparison wi t h  p n and p C r O  i n  t h e  smal l masses r e -  

g i o n .  Together w i t h  o t h e r 1 2 ,  however, we t h i n k  t h a t  t h e  p O f f  i s  t h e  bes t  

case t o  search f o r  the  H ,  s i n c e  i n  t h i s  case, t h e  A: c o n t r i b u t i o n  i s o b -  - 
v i o u s l y  absent.  I n  comparison w i t h  t h e  KKr decay, we have i n  t h i s  case 

+ - 
o n l y  one neutra1 p a r t i c l e 1 3  ( n o )  s i n c e  t h e  p0 i s  i d e n t i f  i ed  by r 

i n  t h e  f i n a l  s t a t e .  We c ã l l  a t e n t i o n  t o  t h e  f a c t  t h a t  t h e  d i f f i c u l t y  i n  



exper imenta l  i d e n t i f i c a t i o n  o f  t h e  H and A :  a r e  v e r y  s i m i l a r .  We b e l i e -  

v e  a l s o  t h a t  i f  t h e  resonance il e x i s t s ,  i t  i s  enhanced ( s i m i l a r l y  Ai ) 

by s t r o n g  c o n t r i b u t i o n s  coming f rom k i n e m a t i c a l l 4  t h r e s h o l d  Deck l i k e  

e f f e c t s .  From a  t h e o r e t i c a l  p o i n t  o f  v iew t h e  s i t u a t i o n  i s  n o t  l e s s  

confused. There a r e  c o n t r a d i c t o r y  p r e d i c t i o n s 1 5  coming f rom t h e  n a i v e  

Quark Model and dual  i t y  schemes r e s p e c t i v e l y .  I n  s e c t i o n  (2.61, p a r t i -  
i o b  

c u l a r l y  i n  t h e  A,' subsect ion we r e t u r n  t o  many o f  these comments . 

2.4. D and 0' í = E )  

Whi le t h e  ~ ( 1 2 8 5 )  meson i s  w e l l  e s t a b l i s h e d  as a  good reso-  

nance16 t h e  ~ ( 1 4 2 0 )  meson i s  n o t  y e t  d e f i n i  t e l y  i d e n t i f  i e d  asa  resonant 

s t a t e  a1 though recen t  r e s u l  ts17 ob ta ined  f rom T - ~  a t  3.95 ( G ~ v / c )  con- 
i a 

f i r m  t h e  p rev ious  quantum numbers assignement f o r  t h e  E meson. The 

main c h a r a c t e r i s t i c s  f o r  these D and E s t a t e s  a r e :  

a)  Both have been seen i n i t i a l l y  i n  pi a n n i h i ~ a t i o n s " ' ~  and 

have a f t e r w a r d s  been produced i n  o t h e r  r e a c t i o n  ( n.N and 

K N ) .  

b) The mass spec t ra  a r e  compat ib le  w i t h  a  Bre i t-Wigner  formu- 

l a. 

C)  i:, PC = o+, I++ 

d) i a ~ D  = 1284 * 10 (Mev), r = 27 * I 0  (MeV) D 

e) Decays: 

We show i n  F i g .  (4a) t h e  mass spectrum o f  t h e  (rln..rr) f i n a l  s t a -  
+ - 

t e  ob ta ined  from t h e  r e a c t i o n  -+ ~ n .  n. ?z a t  8.45 ( G ~ v / c )  where t h e  D  

i s  w e l l  seen. The p l o t  o f  t h e  r e l a t i v e  phase versus e f f e c t i v e  mass rn mn. 
i s  shown i n  F ig . (4b)  and we n o t e  t h a t  (&r) decay i s  p r e f e r r e d .  I n  F ig .  

+ o t  
(5) we show t h e  e f f e c t i v e  mass o f  K-K K f i n a i  s t a t e s  f o r  ~ ( 1 4 2 0 )  p ro -  

d u c t i o n .  F i n a l l y  t o  complete these i n f o r m a t i o n  about  D  and E we pre-  
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sent i n  Table ( l i )  some b r a n c h i n g- r a t i o s ,  c r o s s- s e c t i o n s  and decay mo- 

des. From a  t h e o r e t i c a l  p o i n t  o f  v iew t h e  D and E  mesons a r e  p r e d i c -  

t e d  by t h e  Quark m ~ d e l ~ ' ~ ~  a l though  we should ment ion a  recen t  r o n t r o -  

v e r s i a l  i n t e r p r e t a t i o n  o f  t h e  ~ ( 1 4 2 0 )  as an o b j e c t  r e l a t e d  t o  t h e  e x i s -  

tente o f  g  1 ueba 1 1  2d-d. 

F i g . 5  - K?X%* mass d i s t r i b u t i o n  of the  r e a c t i a n  + K'K'K'x ffrm r e f .  

17 .  



Table I I  - Decay, c ross- sec t ions  and Rranching-Ratios f o r  some r e i c -  

t i o n s  i n i  t i a t e d  by v ,  K and N ,  f o r  t h e  ~ ( 1 2 8 5 )  and ~ ( 1 4 2 0 )  p roduc t ion .  

Reac t i ons 

( r e f .  18 ) 

K - ~  + iZD 

4.2 [~ev/c ]  

\ ,Y+K-nOn 

12 and 1 :j [ ~ e v / c ]  

For o t h e r  r e s u l t s  
i 

From a p see 

r e f .  20 

=or  t e n  o t h e r  

F ina l  s t e t e s  see 

- e f  21. 

Deca y 

Modes 

Cross-Sect i o  

t4! B ranching-Rat i o s  



2.5. Q, and O, 

Each meson Q(QA,QB) i s  a  const  i tuen t  o f  one d i f f e r e n t  nonet 

(see Table I ) .  They a r e  produced m a i n l y  f rom r e a c t i o n s  i n i  t i a t e d  by K .  

These two mesons have rnot ivated a g r e a t  amount o f  t h e o r e t i c a l  and expe- 

r i m e n t a ~ ' ~  work due t o  the d i f f i c u l t y  i n  d e t e r m i n a t i n g  these s t a t e s  as 
Ia. 

two resonances. T h e i r  main p r o p e r t i e s  a r e  . 

c)  Decay: 

Kw r e c e n t i  y  ~ e e n ~ ~  'Ia 

QA 
Kp favoured 

i )  a(Qfi -+ Kp) = 6.2 + 0.6 ( ~ i b )  

i i )  a ( Q A + K * n )  = 1.7 + 0.5 (Mb) 

i i i )  u (QB+Kp)  > 0.2 (pb) 

i v )  u(QB -+ K*T) < 0.5 (vb) 

e) H e l e c i t y  Conservat ion:  

s - channel - (rnode KP) 

t - channel - (rnode K*K) 



We choose a  c e r t a i n  number o f  d i s t r i b u t i o n s  t o  c h a r a c t e r i z e  

them, i n forward and backward product  i o n  and f o r  d i f f e r e n t s  r e a c  t i o n s  

and energ ies.  The e f f e c t i v e  mass o f  t h e  (Kaa) system i s  shown i n  f i g u r e  
- + - 

( 6 ) 2 4  . For K-P -+ K  a  p a t  10,14 and 16 (Ge~/c )  i t  i s  shown i n  f i g u r e  

(6a) and i n  f i g u r e  (6b) f o r  K-p -+ Koa-nop. From t h e  l a t t e r  f i g u r e ,  we 

i d e n t i f y  two peaks corresponding t o  t h e  Q A ( l  .27) and t o  t h e  QB(l .37) r e-  

s p e c t i v e l y .  O t h e r  d a t a  a r e  shown i n  F i g .  (6.c) f o r  t h e  r e a c t i o n s  
+ +  - 

K+d + K a  n d a t  12(GeV/c) and i n  F i g .  (6d) f o r  backward p roduc t ions .  

The (PwA) and r e l a t i v e  phases a r e  g i v e n  i n  F i g .  (7) ( f o r  K-p + K-n+n-p 
I+ - 

and K-P -+ ,?oa-?rop r e a c t i o n s )  and i n  F i g .  (8) ( f o r  KkP + K ?r n p a t  13 

( G ~ v / c ) .  Two peaks a r e  seen i n  t h e  s-nave (R=Q)  assoc ia ted  t o  t h e  QA 

and Q s t a t e s .  These da ta  suppor t  t h e  i n t e r p r e t a t i o n  o f  t h e  meson QA+Kp 
B 

as a  good resonance b u t  t h e  evidence seems l e s s  c o n c l u s i v e  i n  favour  o f  

QB -+ K*T. S i m i l a r  r e s u l t s  coming f rom o t h e r  exper iments and f a v o u r i n g  

t h e e x i s t e n c e o f  two resonant s t a t e s  a r e  g i v e n  i n  r e f . 2 5 .  Other more 

- - +  recen t  a n a l y s i s Z 6 -  (PUA)-obtained f rom t h e  r e a c t i o n s  K p  -+ K  IT ?r p and 

K-P -+ K0 1-.nop a t  4.2 (Gev/c) a r e  c o n s i s t e n t  wi t h  two s-wave resonances. 

For t h e  s tudy o f  p o s s i b l e  mechanism a t  work, one may t u r n  now t o  angu- 
2 7 

l a r  andmmentum t r a n s f e r  (t2) d i s t r i b u t i o n s .  I n F i g .  (9) weshow t h e  
- + -  

t 2 - d i s t r i b ~ u t i o n  and we n o t e  t h a t  t h e  K  a  n system has a  s lope  grea-  

t h e r  than  t h e  Eon-n+ system. T h i s  exponen t ia l  behaviour i s  t y p i c a l  o f  

d i f f r a c t  i v e  p roduc t ions .  These (da/dt,) d i s t r  i b u t  ions p resen t  a  wel 1  
+ 

known c r o ~ s - o v e r ~ ~  f o r  K-, K t h a t  was a  m o t i v a t i o n  f o r  t h e  phenomeno- 

l o g i c a l  models presented i n  t h e  s e c t i o n  3. The mass-slope c o r r e l a t  i o n  

parameters a r e  g iven  i n  F i g .  (10) and Table I I I .  I n  conc lus ion  we t h i n k  

t h a t  t h e  s i t u a t i o n  regard ing  these two 3 = 1+ o b j e c t s  i s  n o t  y e t  com- 

p l e t e l y  w e l l  e s t a b l i s h e d .  By analogy w i t h  a l l  s t a t e s  o f  t h i s  s e t  we be- 

I i e v e  t h a t  t h e r e  a r e  two resonances, b u t  t h a t  o t h e r  mechanisms (such as  

e.g., t h e  Deck e f f e c t )  a r e  a l s o  c o n t r i b u t i n g .  



K-p - ( K  IT fll- p at 10, i4 and 16 G e V h  

( K i i l )  EFF: MASS, tGeV1 
F i 9 . E  a , b )  Knn mass d i s t r i b u t i o n  f o r  t h e  c o m b i n e d  d a t a  a t  i O ,  I 4  - 

2 n d  1 6  r ~ e r / c l  f o r  t h e  r e a c t i o n s  k'p + k - r + n P p ( a )  

a n d  k - p  - X o r ' n o p  ( b )  f r o m  r e f .  [ 2 4 a l  



F i g . 6  - c)  ~ ( ~ í n r )  for a l l  xfd * ~+;rr d events frorn r e f .  24b .  



F i g . 6  - d )  (Knn)' e f f e c t i v e  mass spect rs  f o r  the  sum o f  K-p + 2*K+n+n-, 

. K p  + E-KOn+nO and x - ~  + E7n+ + n e u t r a l s ,  from r e f .  24c. For o ther  r e -  

s u l t s  on backward react ions  see a l s o  r e f .  24d .  



[ [ 3 p m  n I j n ]  - I N T E N S I T I E S  I 
I 

( K  rr n j  EFF MASS,GeV 
F i g . 7  - Cross-Sections o f  ( f m i l ~ ~  as funct ion  o f  the  (.Vir*) mass.See r e f  

24a for nota t ions  and o t h e r  in format ion .  





E +- + -e. . Y, : 

+ 
.o '.. . I 

'- ... I 
%.. 

O o o O o o g  
5 Q 

ik S o o g o  



Fig.9 - The & / d t  distributions for x - ~  + ~T'T-~. K-p + ~ a n - n o p  and 

K-p + Kon+n-n, and for I .O C ~ ( K m r )  C 1.5 Gev. 



Fig.10 - Slope-mass corre lat ions for the indicated reactions, from r e f . 2 7 .  

Table I I I  - Slops f o r  severa1 mass (~m) i n t e r v a l s  a t  d i f f e r e n t  energ ies .  

- -- 

Ref .29 4-1 2  (Gev/c) 

1 .0  - 1.2 

1.2 - 1.3 

1.3 - 1.4 

1.4 - 1.5 

1.5 - 1.75 



The a x i a l  v e c t o r  rnesonR1 3 0 w a s  s u r e l y  t h e  s u b j e c t  o f  t h e  

g r e a t e s t  number o f  t h e o r e t  i c a l  exper imental papers among those o f  P = l +  

f a m i l y .  For example i t  i s  a t  t h e  o r i g i n  o f  Deck Model (see s e c t i o n  3 ) ,  

and s t i l l  nowadays we have a number o f  i n t e r e s t i n g  problems n o t  comple- 

t e l y  so lved assoc ia ted  w i t h  t h i s  o b j e c tl .  I t s  p r i n c i p a i  c h a r a c t e r i s t i c s  

c )  p r i n c i p a l  decay rnode: pa 

d)  d i f f e r e n t  r e a c t i o n s  s tud ied :  

i )  a=p + (3a)+ p ( forward and backward p roduc t ion )  . Fa- 

voured r e a c t i o n  f o r  observ ing  t h e  A: - i n  charge and 

hypercharge exchange r e a c t i o n s  -. 
i i )  a'n -+ ( 3 ~ ) '  p 

i i i.) I T + ~  -+ ( 3 ~ )  A* 

v)  n-p-+a+?r-lrOn ( t h i s  i s  t h e  o n l y  charge exchange reac-  

t i o n  where A o  was observed) 10b 
1 

e) No s-channel h e l  i c i  t y  c o n ~ e r v a t i o n ~ ~ .  

f )  U n t i i  ve ry  r e c e n t l y ,  a l  l searches f o r  A :  p r o d u c t i o n  i n c h a r -  

92 exchange r e a c t i o n s  gave b a s i c a l l y  n e g a t i v e  r e s u l t s .  Re- 

c e n t l  y  however s t r o n g  evidences has been g i v e n  f o r  an A ;  

resonant s t a t e  i n  r e a c t i o n  (v)  above 8.45 (Gev/c). 

We t r y  now t o  i l l u s t r a t e  t h e  v a r i o u s  aspects  o f  t h e  problem 

f o r  and a g a i n s t  a  resonant  i n t e r p r e t a t i o n  and due t o  t h e  impor tan t  l i- 

t e r a t u r e  assoc ia ted  w i t h  t h e  s u b j e c t  we w i l l  t r y  t o  bc f a i r l y  complete. 

The r e a c t i o n s  chosen a r e  backward and fo rward  p roduc t  ions,  d i f f  r a c t  i v e  

and non d i f f r a c t i v e  i n t e r a c t i o n s  and o t h e r s .  We r e c a l l  f i r s t  o f  a11 t h a t  

w h i l e  t h e  d i f f r a c t i v e  r e a c t i o n s  favoured t h e  non- resonant i n t e r p r e t a -  

t i o n  o f  t h e  ( p ~ j  enhanceme~ts, t h e  o t h e r s  r e a c t i o n s  favoured a resonant 



i n t e r p r e t a t i o n  v i a  a Bre i t - Wigner  formula.  I n  F i g .  (11) we show t h e  t o-  
- + - 

t a l  mass spectrum o f  ( 3 ~ )  f rom  TI-^ + (T T TI ) p  a t  1 1  and 25 ( G e V / c )  

where we see some evidence f o r  two peaks assoc ia ted  w i t h  t h e  A I  and A, 

s t a t e s  where t h e  l a t t e r  i s  t h e  wel l known f = 2 +  resonance a t  1310 MeV. 

The s o l i d  cu rve  i s  t h e  r e s u l t s  o f  a  f i t  made by t h e  au thors  o f  r e f .  32 

wi t h  the  Deck-Model . An example o f  background p r o d u c t i o n ~ 3 3 '  3 4  i n n N  r e-  

a c t i o n s  a t  9(Gev/c) i s  shown i n  F i g .  (12) where t h e  s o l i d  I i n e  repre -  

sents  t h e  r e s u l t  ob ta ined  from a f i t  w i t h  two Bre i t-Wigner  formulas f o r  

t h e  A, 3 4  wi t h  mA = 1050 ? 11 (MeV) and TA = 195 ? 32 ( M ~ v )  and f o r  

t h e  A, r e s p e c t i v e I y .  To compare w i t h  the  exber imenta l  data we c a l c u l a t e  

t h e  (pn) mass d i s t r i b u t i o n ,  u s i n g  a double-Regge Model w i t h o u t  t h e  op- 

t i m i z a t i o n  o f  t h e  Regge parameters (see r e f  .35) .  The r e s u l  t, shown by a 

dashed l i n e  i n  f i g .  (12) ,  i s  v e r y  l a r g e  and centered a t M  = 1 . 1 8 ( ~ e ~ ) .  
A l  

I I I J 
0.9 1.1 1.3 1.5 ia 1.9 

M (GeV) 

Fig.11 - 3n mas5 d i s t r i b u t i o n  of the react ion ii-? -t (n-n+n-)? a t  T I .  and 

T h i s  r e s u l  i: can be improved by smal l v a r i a t i o n s  o f  

I n  F i g .  (111) we show a backward p r o d u c t i o n  from t h e  

a t  4.15 ( G ~ : v / c ) ~ ~ ' ~ ~ .  The (PWA) r e s u l t s  a r e  shown 

suppor t  t h e  evidence o f  t h e  A I  as  a 1 + s ( p 0 ~ + )  wave 

t h e  parameters used. 
- + - +  

react ion K-pt~ TI TI n 

i r )  F i g .  ( 1 4 ) ~ ~  and 

. Whi le  t h e  combined 

101 9 



r-, 9 G e V I c  + 12GeVIc 

u 'T - ,~ ,<  0.5 ( G e V )  2 

m (p f  r- < 1.8 GeV re jected 

r - p  - p, r' r- r- 

p0 rr- I N V A R I A N T  M A S S  (GeV)  

F ig .12  - ([ian-) mass spectrum f o r  (9+12 Gev/c) data3: Even t s  w i t h  

m ( p  n-) I .8 Gev r e j e c t e d ;  on l  y events w i  t h  u L  < 0 . 5  ~ e v '  has been re- 
f p f  

ta ined.  The sol i d  curve  resul  t s  from f i t s  exp la ined i n  r e f .  34 where the  

mass and width  o f  A ,  a r e  mA = 1050 t I I  Mev and TA = 195 t 32  Mev. The 

dashed curve i s  obta ined fram a Oouble-Regge m d e l  ". 

r e s u l  t s  ob ta ined  f rom ' r -p  + ' r - . i r -~+~ a t  25 ( G e ~ / c )  and 40 (GeV/c) do n o t  

show any s i g n i f  i c a n t  v a r i a t i o n s  o f  t h e  r e l a t i v e  phases (see F i g .  ( I S ) ) ,  
- + -  o t h e r  more recen t  r e s u l  ts3'  - f rom .irmp -+ .ir T .ir p a t  63 and 94 (Gev / c )  

p r o v i d e  the s t ronges t  p iece  o f  evidence i n  favour  o f  t h e  resonance i n -  

t e r p r e t a t i o n  o f  t h e  AI (see F i g .  16) .  The so l  i d  1 ines (Fig.16a-d) a r e  

the  r e s u l t  o f  t h e  a n a l y s i s  a f t e r  t h e  A, c o n t r i b u t i o n  has been sub t rac -  

ted  o u t  i n  t h e  form o f  a  Bre i t - Wigner  and t a k e  i n t o  account a l s o  a  Deck 

c o n t r i b u t i o n .  The mass and w i d t h  found f o r  t h e  A, a r e  m = 1280 (Mev) 
A  I 

and TA, = 300 ( M ~ v ) ,  va lues  t h a t  do n o t  agree w i t h  o t h e r s  o f  t h e  c u r -  

r e n t  l i t e r a t u r e l a  ( m A i = l . l  (GeV)). I t  i s q u i t e p o s s i b l e  t h a t  t h r e -  

shold phenomena40 may be respons ib le  f o r  t h e  d i f f e r e n t  va lueç  found. 

The au thors  o f  r e f .  39 c l a i m  t h a t  o n l  y  a  resonance o r  a  Deck ampl i tude 

separa te ly  c o u l d  n o t  account f o r  t h e  e f f e c t s  observed i n  these g loba l  

spec t ra4 ' .  However, we c a l 1  a t t e n t i o n  t o  the  f a c t  t h a t  t h e  Deck c o n t r i -  



0.6 1 .O 1.4 

MASS (V' TT'I*) GeV 
F i g . 1 3  - 13 ' )  mass spectrum fo r  K - ~  + E-"+"-"+ a t  4.15 ~ e v / c ? ~  





Fig .15  - (371) mass spectrum of d i f f e r e n t  p a r t i a 1  "aves and in ter ference  

phases i n  A ,  reg ion f o r  r e a c t i o n  a-p -t n - n - n j  a t  25 (Gev/c) and 40 

(Gev/c) combined ". 
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b u t i o n  used i n  these f i t s  takes i n t o  account o n l y  t h e  n-exchange te1 

We r e t u r n  t o  t h i s  p o i n t  i n  Sec t ion  3 .  

A: Observat ion 

As we have a1 ready mentioned, t h e  o b s e r v a t i o n  o f  t h e  has been 

p a r t i c u l a r l y  d i f f i c u l t  i n  charge exchange r e a ~ t i o n s ~ ~  and o n l y  recen- 

t ly lob a  pronounced r e l a t i v e  phase v a r i a t i o n  f o r  t h e  A{ s t a t e  has bcen 

observed c o n f i r m i n g  t h e  resonant  i n t e r p r e t a t i o n  o f  t h i s  o b j e c t .  A lso  

f rom t h e  t h e o r e t i c a l  p o i n t  o f  v iew t h e  s i t u a t i o n  i s  q u i t e  confused as 

wecan see i n  Table (IV) where severa1 p r e d i c t i o n s  o f  the  c r o s s- s e c t i o n s  

f o r  A ;  p r o d u c t i o n  a r e  repor ted .  These p r e d i c t  ions t u r n  o u t  t o  be v e r y  

dependent on t h e  mass and the  approach employed. 

+ 
There a r e  o t h e r  exper iments4 '  - K-P a t  4- 5  (Gev/c) and K p a t  12.7 

(Gev/c) - t h a t  i d e n t i f y  the  A: i n  (nfn-no) mass spectrum. For b o t h  r e -  

a c t i o n s  t h e  e f f e c t i v e  m a s ~  d i s t r i b u t i o n  ( ~ i ~ . ( l 7 ) )  shows a  peak around 

1.05 (Gev) assoc ia ted  w i t h  t h e  A; . The r e a c t i o n s  where the  resonant  
+ 

i n t e r p r e t a t i o n  i s  f a ~ o u r e d ~ ~  ( R  n -+ T T ' T - T T ~ ~  a t  4 .  ( G ~ v / c )  a 

v-p+ I T + . ~ ~ - T ~ T Z  a t  1 2  and 15 ( G ~ v / c )  4 3 b  ~ + ~ + . r r + ~ - n O ~ + + a t  7.and 15 ( ~ e \ / / c ) ' ~ ~ ,  

K >  + ~ + . r r ' - v ' ~ ~ .  a t  4 .2  ( c ~ v / c ) ~ ~ ~  ) e x h i  b i  t a  s t r o n g  cancel l a t i o n  

r e s p o n s i b l e  f o r  n o t  o h s e r v i n g  t h e  A ;  i n  t h e s e  r e a c t i o n s .  

An e x a m p l e  i s  g i v e n  i n  F i g .  ( 1 8 )  w h e r e  we show d a t a  

from t h e  same experiment a t  15 ( G ~ V / C ) ' ~ ~ :  the  A: s i g n a l  i s  abso- 
+ + + -  . + l u t e l y  i n  the  channel TI p + p n  TI TI i n  1 ( pn )  S wave, whereas ri3 s t r u c -  

+ ++ t u r e  i s  seen i n  t h e  TT p + A (7~'n-n~ ) r e s u l  t s .  AS we have already p o i n -  

ted  o u t  ir1 Sec t ion  2.3 i n  the  cases o f  H and H' " a l s o  i n  t h e  mass r e -  

g i o n  o f  the  A: t h e r e  a r e  o t h e r  competing resonant s t a t e s ,  and t h i s  ma- 

kes v e r y  d i f f i c u l t  the  a n a l y s i s  and i t  i s  o n l y  i n  one charge exchange 
1ob 

r e a c t i o n  , t h a t  a  c l e a r  s i g n a l  has been observed recen t l y .F ig . (18c-e )  

show these r e s u l t s  f o r  A: as w e l l  as f o r  the  H mesons. The a n a l y s i s  

f o r  these s t a t e s  i$  made s imu l taneous ly  s i n c e  they a r e  v e r y  c l o s e  i n  

mass (m51.13 (Gev) i n  t h i s  e x ~ e r i m e n t )  e x h i b i t i n g  analogous d i f f  i c u l -  

t i e s .  More data and a n a l y s i s  a r e  necessary t o  make c o n s i s t e n t  t h e  f i n -  

d i n g  o f  t h e  v a r i o u s  charge exchange exper iments 4 3 , l O . i  





w0 I I 
4 3497 EVENTS 

Kt p - K'p ?r+r-x0 

O 1000 1500 2000 2500 3000 

MASS TI i T -  TI0 (MeV 

F i g . 1 7  - The three-pion ( g n - n o )  mas* spectra for  A: production i n  KN 

react ions .  (a )  events i n  K-p + ~ - ~ n + n - n '  a t  4.6 and 5.0 (Gev/c) from 

r e f .  42a.  (b)  Events i n  * K+pa+n-no a t  12.7 (Gev/c) from r e f . 4 2 b .  



Fig.18 - (3n! mass s p e c t r a  f o r  l + ( o n ) s  p a r t i a 1  wave a t  15. (Gev/c) 'IC. 

( a )  React ian  n+p + p + n + i r -  where Lhe A: i s  seen and f i t e d  ( s o l i d  curve)  

by a Bre i t -Wigner  formula w i t h  m = 1.152 2 0.009 (Gev ) ,  r = 0.264I0.011 

(Gev) and o = 129.8 i 7 . 8  ( u b ) .  (b) Reac t ion  ~++n+n-n '  wi t h  a com- 

p i e t e  absence o f  a resonance s t r u c t u r e .  (c! P a r t i a l  wave a n a l y s i s  re-  

su l  t s  from r e f .  IOb f o r  t h e  H and ( d )  f o r  t h e  A,  i n  ( I  l+pSI+) spectrum 

and o t h e r s  f o r  d i f f e r e n t  s e t s  o f  quantum nunbers. (e) R e l a t i v e  phase 

between d i f f e r e n t  s e t s  o f  quantun numbers r e p r e s e n t i n g  A ,  versus  8, A i  

versus  e x o t i c  and H versus e x o t i c  r e s p e c t i v e l y .  The n o t a t i o n  IJP ( i s o -  

bar! !,:!ri a r e  g i v e n  i n  referentes IOb. 
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New exper imenta l  r e s u l  t s"  coming a1 so f rom lepton-hadrons i n t e -  

r a c t i o n s  p r o v i d e  supplementary suppor t  i n  favour  o f  t h e  resonant  i n t e r -  

p r e t a t i o n  o f  :he A l  meson. I n  s p i t e o f  t h e  small  number o f  o b s e r v e d  

cvents,  these exper iments show t h a t  t h e  heavy 1 epton -c ( ~ = 1 / 2 ,  m=1784+4 

( M ~ V )  decays i n t o  A,(+PR)V~ . F i g .  (19) shows t h e  mass spectrum f rom 

(? - bnod -q  ni (-Il *Il) hí on 

I 

F i g .  19 - (3n) mass spect ra  from eTe- + T+T- where r + ($3~)" .  (a )  

~ ( n * n + n - )  d i s t r i b u t i o n  for events  cons is fent  w i t h  e+@- -r r + ~ '  r e a c t b n  

' f rom r e f .  44a. (b)  i d .  from r e f .  44b. 



+ - 
e e i n t e r a c t i o n s  w i t h  A I  i d e n t i f i c a t i o n .  We r e t u r n  t o  t h i s  p o i n t  in  t h e  

nex t  Sec t ion .  

The i n t e r e s t e d  reader may f i n d  many o t h e r  r e s u l t s  and a n g u l a r d i s -  

t r i b u t i o n ~ ~ ~ ' ~ ~  i n  t h e  r e f r r e n c e s  l i s t e d  here.  

3. THEORETICAL APPROACHES, SCHEMES AND MODELS 

3.1. Generelities 

An ev idence o f  t h e  importance o f  t h e  s u b j e c t  f o r  p a r t i c l e  pheno- 

menology i!; thenumber  o f  papers about  ~ l + m e s o n s  i n c l u d i n g  papers 

d e a l i n g  w i t h  t h e o r e t i c a l  schemes and rnodels. We g i v e  here  a  s h c r t  des- 

c r i p t i o n  oF each o f  t h e  main approaches. I f ,  on the  one hand SU(3)  p re -  

d i c t s  e a s i l y  these resonances on t h e  o t h e r  hand, t h e i r  exper imenta l  de- 

t e c t i o n  has been v e r y  d i f f i c u l t .  Exper imenta l l y  a  g r e a t  s tep  i n  impro- 

v i n g  t h i s  a n a l y s i s  has been the  P a r t i a 1  Wave ~ n a l ~ s i s ~ ~ ' ~ ~  o f  A s c o l i  

and C o l l a b o r a t o r s .  These a n a l y s i s  a r e  now determinant  i n  t h e  i d e n t i f i -  

c a t i o n  o f  i i  resonarice. For t h e  sake o f  s i m p l i f i c a t i o n ,  we can c l a s s i f y  

i n  t h r e e  main ca thegor ies  t h e  v a r i o u s  t h e o r e t i c a l  schemes proposed so 

f o r ,  accord ing  t o  which mechanism they make r e s p o n s i b l e  f o r  t h e  enhan- 
+ 

cements observed i n  t h e  d i f f e r e n t  r e a c t i o n s  and which we c a l 1  1 mesons: 

I - Fure resonant s t a t e s  descr ibed  by Bre i t - Wigner  formula;  

I1 - pure non- resonãnt s t a t e s  i n t e r p r e t e d  k i n e m a t i c a l l y  v i a  Deck- 

- 1  i k e  models. 

I I I )  composi t e  models where i t i s  assumed t h a t  resonances e x i s t s  

b u t  a  Bre i t-Wigner  formula i s  unable t o  account f o r  a l l  t h e  

spectrum,,since these o b j e c t s  a r e  produced t h e  t h r e s h o l d  o f  

a  new channel and o t h e r  e f f e c t s  do a l s o  c o n t r i b u t e .  Thus t h e  

k inemat ica l  e f f e c t s  which g i v e  r i s e  t o  D r e l l - H i i d a - D e c k - l i k e  

models must a l s o  be taken i n t o  account i n  t h e  complete am- 

p l  i tude. 

Approaches ( I )  and ( I  I )  a r e  t o o  s imp le  minded t o  p r o v i d e  a  rea-  

l i s t i c  d e s c r i p t i o n  o f  t h e  data.  We b e l i e v e  l i k e  everybody e l s e  t h a t  ap- 

proach ( I  l I )  i s  t h e  c o r r e c t  one. The d i f f  i c u l t y  i s  a t  a  t e c h n i c a l  leve1 



i n  t h e  sence o f  t a k i n g  i n t o  account a11 c o n t r i b u t i o n s  w i t h o u t  i n c u r r i n g  

i n  t h e  s i n  o f  double coun t ing .  The development o f  t h i s  s u b j e c t  occur red  

i n  p a r a l l e l  i n  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 s .  We do n o t  in tend  he- 

r e  t o  g i v e  an exhaus t i ve  d e s c r i p t i o n  o f  each approach b u t  t o  g i v e a g o o d  

idea o f  the  main ones and some i n f o r m a t i o n  about t h e  o t h e r s .  

3.2. Resonant Approach 

Usual 1 y ,  i n  t h e  sane r e a c t i o n s ,  1' rnesons a r e  produced toge ther  

w i t h  somewe l l  i d e n t i f i e d  resonances s u c h a s A , ,  K1b20 e t c . ,  b u t  t h e  

former a r e  much more d i f f i c u l t  t o  d e t e c t .  

A  w e l l  known approach c o n s i s t s  i n  i n t e r p r e t i n g  t h e  enhancernents 

observed i n  t h e  i n v a r i a n t  mass d i s t r i b u t i o n  o f  a  r e a c t i o n  l i k e  a+b+a*b 

where a * +  1+2 (see F i g .  ( I ) ) ,  as o b j e c t s  descr ibed  by a Bre i t-Wigner  

( B . w . ) ~ ~  formula which we w r i t e  here f o r  pedagogical purposes inc lud ing 

th resho ld  e f f e c t s :  

(see r e f .  46h f o r  t h e  n o t a t i u n  and d e f i n i t i o n s  o f  v a r i a b l e s ) .  I n  a  more 

complete a n a l y s i s ,  we examine a l s o  t h e  p h a s e- s h i f t s  (6k(S1)) assoc ia ted  

w i t h  each p a r t i a 1  wave produced t o  v e r i f y  which o f  them, i f  any, goes 

through I T / ~  around SI = M:, (M = mass o f  t h e  resonance) . These r e l a t i -  R 
ve phase v a r i a t i o n s  ( P W A ) ~ ~  g i v e  an enhancernent t h e  s t a t u s  o f  a  good 

resonance o r  n o t .  

Many a rnb igu i t i es  a r e  i n h e r e n t l y  present  i n  t h e  d e f i n i t i o n  o f  a  

resonance l i k e  t a i l  e f f e c t s ,  background contaminat ion,  s u p e r p o s i t i o n  o f  

c losed-by resonance which a11 make t h e  BW formula somewhat u n r e a l i b l e  

beyond a  c e r t a i n  l e v e l .  We a l s o  ment ion t h a t  t h e  symmetric c u r v e  produ- 

lways i n  agreement w i t h  e x p e r i -  

resho ld  one f i n d s  an asymmetry 

isms, and t h i s  i s  an i n d i c a t i o n  

ced by a  (B.w.) - 
mental spec t ra .  I n  

t h a t  i s  w e l l  descr 
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1 i k e  formula i s  n o t  a  

genera l ,  near t h e  t h  

ibed by o t h e r s  mechan 



t h a t  a  pure (B.w.) formula does n o t  descr ibe  c o m p l e t e l l y  the  e f f e c t  ob- 
+ 

served e x p e r i m e n t a l l y .  I n  t h e  p a r t i c u l a r  c a s e  o f  t h e  A, ( s e e n  i n  
+ - i  

pOn' -t IT n IT ) o t h e r  e f f e c t s  coming f rom Bose s i m ~ n e t r ~ ~ ~ ~  must be taken 

i n t o  account.  I t  was s h o ~ n ~ ~ ~  t h a t  t h i s  symrnetr izat ion i n c r e a s e s  t h e  

enhancement due t o  t h e  A l  resonance. (Note t h a t  t h i s  i s  n o t  the  case 

f o r  A:). 

Some c lasses  o f  models deserve a  s p e c i a l  c o n s i d e r a t i o n ,  the  so 

c a l l e d  dual models, whereby t h e  f u l l  amp l i tude  i s  c o n s t r u c t e d  as a  ne- 

ve r  ending s u p e r p o s i t i o n  o f  resonances. A compiete d i s c u s s i o n  o f  t h i s  

c l a s s  o f  mode 

we r e f e r  t h e  

s u b j e c t .  

F i n a l  l y  

s  i s ,  however, o u t s i d e  t h e  scope o f  o u r  p resen t  rev iewand 

n t e r e s t e d  reader t o  t h e  l a r g e  l i t e r a t u r e  e x i s t i n g  on  t h e  

the  resonance approach w i t h  o r  w i t h o u t  a m b i g u i  t i e s  i s  
+ 

very  s imple,  perhaps t o o  s imp le  and t h e  3 = 1 mesons a r e  t h e  p r o o f  

t h a t  i t  i s  n o t  always p o s s i b l e  t o  use i t  t o  f u l l y  d e s c r i b e  t h e  p h y s i -  

c a l  r e a l  i t v .  

3.3. Kinemiatical Effects and Drell-Hiida-Deck (D.H.D.) Approaches 

The rnain p o i n t s  about  t h e  (D.H.D.)48 model a r e  g i v e n  i n  t h e  f o l -  

lowing w i t h  a  sornewhat more d e t a i l e d  d e s c r i p t i o n .  I n  t h e  o r i g i n a l  form, 

the (D.H.D.) model c o n s i s t s  i n  c o n s i d e r i n g  t h e  d i s s o c i a t i o n  o f  the  beam 

o f  p a r t i c l e  i n t o  two v i r t u a l  o t h e r s  t h a t  i n t e r a c t  w i t h  t h e  t a r g e t  ( i n  

genera l  a  nucleon o r  nuc leus) ,  d i f f r a c t i v e l y  ( h i g h  energy and smal l 

t r a n s f e r  01' momentum). For example, take  t h e  ITN + ~ I T N  r e a c t i o n  shown 

i n  F i g .  (20 ) .  Th is  i s  g i v e n  by t h e  p roduc t  o f  a  pion-exchange and a n  

o f f - mass- she l l  e l a s t i c  subreac t ion  c h a r a c t e r i z e d  by a  Pomeron exchange 

i n  t h e  Rgge language, i . e . ,  t h e  d i f f r a c t i v e  p a r t  o f  t h e  g l o b a l  process. 

The c r o s s- s e c t i o n 4'  t h a t  t h i s  mechanism g i v e s  f o r  t h e  diagram o f  t h e  

F i g .  (20) i s :  

:./here G surnmarizes a l  l numerical c o n s t a n t s - f  l u x  f a c t o r  and eventual  o f f  
- -on-mass-sliell c o r r e c t i o n s  f o r  t h e  e l a s t i c  subreac t ion  Mm + - MTN 

which i s  parametr ized as 



F i g . 2 0  - 'ihe o r i g i n a l  (O-H-D) model 2nd i t s  i n t e r p r e t a t i o n  w i t h  the  Po- 

meran exchenge (P). S = (p,+~,,)~, S,  = ( p , + ~ ~ ) ~  

= (P,-P~)~ and t ,  = (p. -? )'. 
''i "E 

b t ,  l 2  = ( 8 ~ ~ ) ~  [$&=O 63 

where b i s  the  s lope  o f  d i f f r a c t i o n  peak f rom du/d t ,  d i s t r i b u t i o n  and 
da \ (= t2=0 i s  t h e  d i f f e r e n t i a l  fo rward  c ross- sec t ion .  

The p r i n c i p a l  p o i n t s  assoc ia ted  w i t h  t h e  development o f  t h e  

(D.H.D.) model a r e :  

i )  Reggeizat ion o f  t h e  (D,H.D.) a m p l i t u d e 4 9 ,  

i i )  Dual i z a t i p n s o ,  

i i i )  Considerat  ions about o t h e r s  components5 
l .  

Since t n e i r  f i r s t  vers ion" , t h e  (D.H.C.) model had a g r e a t  suc- 

cess f o r  the  mass spectrum d e s c r i p t i o n  o f  A ,  + pn, and looked i n i t i a l l y  

as a c c m p e t i t i v e  p o s s i b i l i t y  f o r  the  resonant  approach. I t  i s  e a s i l y  

understood why a D.H.D. amp l i tude  produces a non symmetric enhancement. 

We r e c a l l  t h e  w e l l  known k inerna t i ca l  r e l a t i o n  - 'lS2 = cons t .  and we look  
S 

f o r  t h e  phase space i n  the i n v a r i a n t s  S ,  and S,.  Since and S ,  a r e  

g r e a t  (Mnu i s  dominated by Pomeron exchanye) S, i s  n e c e s s a r i l y  small  

by energy -momentum conserva t i o n  (S,+S,+S, = s+m~+rn~fm~) . We see a l  so 
b t  t h a t  the  amp l i tude  i s  d i r e c t l y  p r o p o r t i o n a l  t o  S ,  and e 2 ( t ,<  O ) .  L e t  



us look  t o  t h e  Chew-Low p l o t  

F ig .  (21) ;  a  srnall increase 

t, a r i s i n g  f rom the  exponent 

ase o f  t h e  cu rve  i n  S, (= rn2 
PT 

terrn ( l / ( t l - p 2 ) ) .  

(SI versus s,) i n  the  mass spectrurn o f  

i n  SI corresponds t o  a  r a p i d  v a r i a t i o n  i n  

ia1  ebt2; consequent ly  we have r a p i d  decre-  

) i n  sp i  t e  o f  t h e  p e r i  phera l  r - exchange 

4 EVENTS 

Fig.21 - Cornparison between a t yp i ca l  mass-spectra and a Chew-Low p l o t  

for  (DHD) l i k e  model. 

However, t h i s  n a i v e  Deck model does n o t  d e s c r i b e  o t h e r  aspects  o f  

t h i s  r e a c t i o n  s i n c e  so f a r  we have taken i n t o  account o n l y  one o f  t h e  

t h r e e  p o s s i b l e  c o n t r i b u t i o n s :  n - exchange, p  - exchange and d i r e c t  r- 
s1b 

-pole-exchange ( f o r  .rrN -t p rN e.g. ) .  There a r e  rnany reasons p r o v i n g  

t h a t  besides c o n s i d e r i n g  these t h r e e  cornponents i t  i s  a l s o  necessary t o  

take  i n t o  account a1 l phase space, mass-slope-cose G ' J '  c o r r e l a t i o n s ,  

angu la r  d i s t r i b u t i o n s ,  S and t channels he l  i c i t y  conservat ion5 '  e t c .  F i -  

n a l l y ,  t h i s  rnodel can be considered as a p a r t i c u l a r  case o f  t h e  Double 

Regge Model, and we r e t u r n  t o  t h i s  p o i n t  i n  s e c t i o n  3.5. 

3.4. Contributions from Rescattering Components 

A model w i t h  f i n a l  p a r t i c l e s  r e s c a t t e r i n g  c o r r e c t i o n s  i s  presen-  

ted  by some a ~ t h o r s ~ ~  (see F i g .  (22))  t o  t a k e  i n t o  account A, resonance 

e f f e c t s  as w e l l  as Deck l i k e  c o n t r i b u t i o n s .  Th is  rnodel adds c o h e r e n t l y  

t h e  t h r e e  f ' o l l ow ing  t e r n s :  

i )  one V-exchange Deck type,  



Fig.22 - The i;p -I Pnp react ion  described b y  ( a l a  n - Deck exchange, ( b )  

r e s c a t t e r i r g  o f  pn f i n a l  s t a t e s  and (c: D i r e c t  resonance production. 

i i )  one term represen t  ing  t h e  r e s c a t t e r i  ng c o r r e c t i o n  f rom f i n a l  

PT s ta tes ,  and, 

i i i )  one term represen t ing  t h e  d i r e c t  resonance p r o d u c t i o n  ( v i a  a 

B r e i  t-Wigner formula)  of t h e  A ,  decaying i n t o  PT. 

53b 
The r e s u l t s  o f  t h i s  model, a r e  c la imed t o  g i v e  suppor t  t o  t h e  

e x i s t e n c e  o f  t h e  A I  resonance i n  s p i t e  o f  t h e  smal l  phase v a r i a t i o n  

found. The p h y s i c a l  i n t e r p r e t a t i o n  appears t o  be t h a t  t h e  phase s h  i f t s  

due t o  t h e  resonance term and those coming f rom t h e  r e s c a t t e r i n g  term 

would cancel each o t h e r  l e a v i n g  o n l y  those due t o  t h e  Deck non-resonant 

term. But i t  i s  n o t  obv ious t o  us t h a t  the  way i n  which t h e  resonant 

and Deck components a r e  added i n  t h i s  approach does n o t  lead  t o  double 

coun t ing  by d u a l i t y  arguments. I f  t h e r e  i s  double coun t ing  we can ask 

what would i t  be t h e  r e s u l t s  w i t h i n  a more complete model where t h e  

t h r e e  Deck terms, TI and P exchange and T-di rect- pole- exchange c o r r e s-  

ponding t o  the  t , u  and S channels o f  t h e  subreac t ion  n + pn a r e  a l l  

taken i n t o  account.  An advantage o f  t h i s  approach w i t h  a r e s c a t t e r i n g  

term i s  t h a t  i t  can take  i n t o  account d i r e c t l y  t h e  phase s h i f t s  o f  t h e  

 TI e l a s t i c  system v i a  the  f i n a l  s t a t e  ( ~ a t s o n )  t h e ~ r e m ~ ~ .  Other au- 

t h 0 t - 5 ~ ~  t a k e  i n t o  account a l  l e f f e c t s  produced wi t h  resonant and Deck 

e f f e c t s  - w i t h  r e s c a t t e r i n g  component - c o n s i d e r i n g  t h e  c o r r e c t i o n s  co- 

ming f rom u n i t a r i t y  i n  t h e  Deck amp l i tude  and keeping a l s o  t h e  coupled 

channel c o n t r i  b u t i o n  a t  the  resonance (e.g. A, wi t h  pn and K*K; wi t h  

K p  and K*TI) v i a  the  K m a t r i x  f o r m a l i ~ m ~ ~ .  I n  p r i n c i p l e ,  double coun- 

t i n g  should be absent f rom these approaches, i n  p r a c t i c e ,  however, t h e  

parameters used f o r  t h e  A I  resonance (MAl = 1300 (MeV)) ,TA1 400 ' 100 

( ~ e v ) ) ~ ~ ,  ( M A i  1450 ( M ~ v ) ,  rA1 = 380 ( M ~ v ) ) ~ ~  a r e  i n  c o n t r a d i c t i o n  



w i t h  the  c u r r e n t  exper imenta l  r e s u ~ t s ~ ~ ~ .  Another problem i s  the  g r e a t  

number ofr f r e e  parameters58 used t o  t a k e  i n t o  account resca t te r  i n g  c o r -  

r e c t i o n s ,  Deck e f f e c t s ,  resonances, coupled channel i n  a unique amp l i -  

tude; but i t  i s  weel p o s s i b l e  t h a t  t h i s  i s  the  p r i c e  t o  pay t o  take  i n -  

t o  account a l l  these components a t  t h e  same t ime.  On t h e  o t h e r  hand,the 

parameters ob ta ined  f o r  Q, (+I@) and Q2 (+K*TF)"~ a r e  compat ib le  w i t h  

the  exper imenta l  masses and w i d t h .  Concerning t h e  coupled channel reso-  

nances i n  t h e  f i r s t  case, (Al), t h e  two t h r e s h o l d  ( K * i  and ppír) a r e  v e r y  

f a r  away i n  comparison wi t h  the second case (Kp and K*T). Peharps t h i  s 

i s  respons ib le  f o r  t h e  mass s h i f t  ob ta ined  f o r  t h e  A, meson. These ap- , 

proaches r e t a i n  o n l y  two components o f  t h e  Born term f o r  t h e  Deck am- 

p l  i t u d e  corresponding t o  the  t and u channels o f  t h e  s u b r e a c t  i o n  a 

IP -t 1+2. I t  i ç  c l e a r  t h a t  i f  we take  i n t o  account a l s o  t h e  t h i r d  Born 

term, t h e  d i r e c t  p o l e  diagram - see F i g .  (23) - we must be c a r e f u l  w i t h  

t h e  double c o u n t i n g  D u a l i t y  problem. I n  a way, t h e  c o n t r i b u t i o n  coming 

from r e s c a t t e r i n g  (see F ig . (22b) )  i s  j u s t i f  i e d  i n  t h e  c o n t e x t  o f  t h e  

Landau s i n g u l a r i t i e s  ( t r i a n g l e  ~ i n ~ u l a r i t i e s ~ ~  i n  t h e  p r e s e n t  case) 
+ s ince  t h e  au thors  o f  r e f .  59 show how t h e  tP=l mesons AI and 42 were 

an evidei ice f o r  these s i n g u l a r i t i e s  ( t h e  peaks corresponding t o  the  A, 

and Q1 tal<ing p l a c e  f o r  m = 1 .I (GeV) and rnK*a = 1.2 (Gev) r e s p e c t i -  
3 7T 

v e l y ) .  Th is  p o i n t  may suggest t h a t . t h e  s h i f t  from 1.2 t o  1.3 ( G ~ v )  f o r  

MA i s  n o t  due ta the r e s c a t t e r i n g  term. More in fo rmat ion  about i n t e r e s t i n g  
1 

s u b j e c t  i!; i n  r e f .  59 and t h e r e i n .  

F i g . 2 3  - lhe a- d i r e c t  pole graph f o r  a+b -c 1+2+E r e a c t i o n  

F ig .24  - Rescat ter ing  diagram represent ing  a t r i a n g l e  s i n g u l a r i t y  for a 

n N +  (TV) n(K)N i n t e r a c t i o n s  from r e f .  k7d. 



3.5. Double Regge Approach 

As we s a i d  above iri Sec t ion  3.3, the  2 + 3  r e a c t i o n s  arid p a r t i c u -  

l a r l y  t h e  D i f f r a c t i v e  D i s s o c i a t i o n  r e a c t i o n s ,  i n t e r p r e t e d  v i a  (D.H.D.) 

model can be considered i n  general v i a  a  Double Regge (D.R.) exchange 

r n o d e ~ ~ ~ ' ~ ~  t h a t  presentsa g r e a t  f l e x i b i l i t y  o f  a p p l i c a t i o n s .  I f  we t a k e  

t h e  Regge t r a j e t o r y  a2 = uP (see F i g .  (25 ) ) ,  we o b t a i n  a  s imp le  (D.H.D.) 

model. A g r e a t  advantage o f  t h i s  Double Regge exchange mechanism is t h a t  

can be a p p l í e d  w i t h o u t  d i f f i c u l t i e s  t o  fo rward  as w e l l  backward produc- 

t i o n 5 l  w i  t h  a  smal 1  number o f  parameters. And as i t was p o i n t e d  o u t  r e -  

c e n t l y 3 ' ,  a  Dual ampl i tude 1 i ke  OouSle Regge, corresponding t o  t h e  d i a -  

gram shown i n  F i g .  (25) , 

F i g . 2 5  - Double Regge Exchange diagrarn. a, and aZ represenl the  t r a j e c -  

t o r i e s  exchanged. The k inemat ica l  v a r i a b l e s  5 ,  S I ,  S,,  t l  and t ,  were 
def ined before. 



c o n t a i n s  i m p ! i c i t y  resonances and background. Due t o  t h e  generalproper: 

t i e ~ ~ ~  o f  t h i s  ampl i tude,  we a l s o  have a  good r e s u l t  i n  f o r w a r d a s w e l l  

i n  backward p roduc t ion ,  i n  s p i t e  o f  t h e  a r b i t r a r i n e s s  i n  t h e  paramet r i -  

z a t i o n .  We know t h a t  t h i s  was t h e  case w i t h  rnany problems connec tedwi th  
-k 

the  A I ,  Q and o t h e r  3 = 1 mesons. Th is  niodel hnwever, i s  n o t  a b l e  t o  

account f o r  the  s t r o n g  suppress ion o f  t h e  A ,  i n  c o n t r i b u t i o n  chargeex-  

change r e a c t i o n s .  For  t h e  c ross- sec t ions  o f  t h i s  s p e c i a l  case A : ,  we 

g i v e  i n  Table ( I V )  a 1 i s t  o f  t h e o r e t i c a l  p r e d i c t i o n s  a c c o r i n g  t o  the  

model used. A s t r o n g  v a r i a t i o n  i s  observed w i t h  t h e  mass a t t r i b u t e d  t o  

t h e  A , ,  and w i t h  t h e  approach taken.  

3.6. New Interactions and Results 

I n t e r a c t  ions 1 i ke6'  lepton-hadron, R+N -t R+v(A)+N where R = lep-  

ton,  N=nucleon and V ( A )  i s  a  v e c t o r  ( a x i a l - v e c t o r )  p a r t i c l e ,  a r e  used 

f o r  t h e  o b s e r v a t i o n  o f  v e c t o r  and a x i a l  mesons. More s p e c i f i c a l l y  f o r  

the d i f f r a c t i v e  phys ica l  r e g i o n  these r e a c t i o n s  have been s t u d i e d  i n t t i e  

sense o f  A I  produc t ions .  The s tudy  o f  these lepton- hadron r e a c t l o n s  i s  

v e r y  impor tan t  f o r  t h e  subsequent in fo rmat ion  which can be ob ta ined  f o r  

charged and neu t ra1  c u r r e n t s  and i s  o f  p a r t i c u l a r  re levance  f o r o u r  pur-  
9 

pose o f  c l a r i f y i n g  t h e  problems conriected w i t h  3 = 1 mesons. These 

r e a c t i o n s  have a l  so a  p o s s i b i e  Deck 1  i k e  background see F i g .  ( 2 6 )  - which 

con t  r i bu tes .  F i g u r e  ( 26  j shows t h e  two poss i b l  e components, resonance 

and Deck to i n t e r p r e t  the  r e s u l  t s  o f  these r e a c t i o n s .  Here \e t h i n k  thar: 

i t  i s  p a r t i c u l a r l y  necessory work i n  t h e  scheme I I I  mentioned a t  t h e  

F i g . 2 6  - Possible risor,ant (a )  and Deck (b) Diagrans  foi. EN + P.'(pn)Nr 

reaçtions. 



beg inn ing  o f  s e c t i o n  3 . 1 .  To i n v e s t i g a t e  t h e  system A 1 ( + - p ~ )  i n  the  semi 

-1ep ton ic  decay mode T+A V -t(pn)vT d i f f e r e n t  techniques have been ern- 
1 T 

ployed (some o f  which w e l l  known 6 6 ) ,  i n  an a t tempt  t o  c l a r i f y  t h e  p r o -  

blerns o f  

can be wr 

where R  
1-i 

F i g .  (27) 

p u r e l y  hadronic  r e a c t i o n s .  The m a t r i x  e ~ e m e n t ~ ~ ~  f o r  t h i s  decay 

i t t e n  ( ~ i ~ . ( 2 7 ) ) ,  

M = R H  
Fi Fi 

and h' represent  t h e s a r i i - l e p t o n i c  and hadronic  v e r t e x  shown i n  
lJ 

and have the f o l l o w i n g  form, 

and 

F i g . 2 7  - T decay i n t o  A , V T  + (pn)v, 

where 

and M2 = &'.  F 1  and F2 a r e  t h e  form f a c t o r s  used i n  rnany theore t i ca l  spe- 

c u ~ a t i o n s ' ~ ~ ' ~ .  We can see i n  F i g .  ( 2 8 , 2 9 )  t h a t  the  approach o f  r e f .  66b 

a p p l i e d  t o  these r e a c t i o n s  i s  compat íb le  w i t h  those o f  D i f f r a c t i v e  D is -  
6 6 b , ~  

s o c i a t i o n .  Some s o l u t i o n s  a r e  compared w i t h  the  da ta .  

React ions o f  another  t ype  t h a t  beg in  now t o  produce i n t e r e s t i n g  re -  

s u l t s  i n  t h e  c o n t e x t  o f  the  problems we a r e  d i s c u s s i n g  a r e  those w i t h  



i a )  

- 4- 
o I 2 3 

M,, GeV 

F i g . 2 8  - The (3n) nw.s spectrum. (a) The continuum and dashed curves  a r e  

t h e o r e t i c a l l y  obtained from r e f .  67c i n  camparison w i t h  the data from 

r e f .  67a and (b)  wi th  the data fkom r e f .  67b. 



M p r  GeV 

Fig.29 - The !oni) mas5 spectrum. (a) The data from r e f .  67a and ( h )  from 

r e f .  67d. i h e  t heo re t i ca l  cdrves  a r e  obta ined from r e f .  65c i n  the Cur- 

r en t  Aigebra  context .  



p o l a r i z e d  t a r g e t .  ~ e c e n t l ~ ~ '  measurements o f  a  ~ I T  system d i f f r a c t i v e l y  
- + -  

produced i ri t h e  r e a c t  i o n  ~ - ~ . f  + IT IT ?r p have been made a t  17 (Gev/c) con- 

f i r m i n g  the  r e s u l t s  ob ta ined  p r e v i o u s l y  i n  o t h e r  experiments. The a x i a l  

- v e c t o r  AI meson i s  observed i n  t h i s  r e a c t i o n  w i t h  a mass m ~ ,  = 1 . 2 -  1.3 

(Gev) and a w i d t h  rA1 - 300 ( M ~ v )  . The i n t e r e s t e d  reader  wi  1  l f i n d  more 

i n f o r m a t i o n  i n  r e f  .68. Here we j u s t  c a l  1  a t t e n t i o n  t o  these "new" reac-  

t i o n s  and r~ope t h a t  new r e s u l t s  w i l l  emerge f rom pp a n n i h i l a t i o n  a t  i n -  

te rmed ia ry  energy. 

4. CONCLUSIONS 

We s u m a r i z e  now the  main p o i n t s  d iscussed above. We have shown 
+ 

t h a t  t h e  s tudy o f  3 = 1 o b j e c t s  i s  i n t e r e s t i n g  b o t h  f rom t h e  e x p e r i -  

mental as w e l l  as f rom the  t h e o r e t i c a l  p o i n t  o f  v iew s i n c e  they have 

been a good " t h e o r e t i c a l  l a b o r a t o r y"  f o r  t h e  development o f  many issues 

o f  hadron spectroscopy.  Many experiments t h a t  were r e a l i z e d  t o  search 

f o r  these mesons have y i e l d e d  v a l u a b l e  i n f o r m a t i o n  about hadron in te rac -  

t i o n s  i n  genera l .  Many problems were so lved  i n  t h e  l a s t  t e n  years and 

the  improvement o f  t h e  experiments w i t h  t h e  inc rease  of s t a t i s t i c s  (num- 

ber  o f  events)  and accuracy o f  the  techniques used i s  q u i t e  evident.From 

a s t r i c t l y  phenomenological p o i n t  o f  v iew,  some o f  these f = l i  s t a t e s  

a r e  now w e l l  e s t a b l  ished as good resonances (B(1235), D(1285)) ; o t h e r s  

can be considered as a lmost  d e f i n i  t i v e l y  e s t a b l  ished (A, (1 . I )  ; Q A ( l  .24- 

-1.29); QE( l  .3-1 . 4 ) ;  D '  r (1420); w h i l e  ~ ( 1  . l )  and t h e  H '  r e s t  today w i -  

t h o u t  a  c l e a r  de te rmina t ion .  From the  expericriental p o i n t  o f  v iew i t  

s t i l l  remains necessary t o  make compat ib le  the severa l  e x i s t i n g  r e s u l t s .  

For example f o r  a  s e t  o f  exper iments the  A, mass i s  = 1 . 1  (GeV) and f o r  

another  1 .2-1 .3 (Gev) . The r e s u l  t s  o b t a i  ned f rom charge exchange reac-  

t ions concern ing A; p r o d u c t i o n  gave good de te rmina t  i o n  i n  r e f .  l 0 b  whe- 

reas no evidence was found i n  re f .43 .  Thus, we would need a good compa- 

t i b l e  s e t  o f  exper imenta l  r e s u l t s  which c o u l d  be the  p r i n c i p a l  to01 t o  

exc lude some t h e o r e t i c a l  models. I n  t h i s  sense, t h e  recen t  r e s u l t s  a b u t  

A: product i o n  i n  charge exchange r e a s t i o n l o b  i s  t o  be considered an im- 

p o r t a n t  exper imenta l  s tep .  Next, we would need a deeper t h e o r e t i c a l  s t u -  

dy o f  t h e  severa l  e x i s t i n g  models t o  s t a t e  a l l  t h e  problems, and compa- 

r e  the v i r t u e s  and f a i l u r e s  o f  the  d i f f e r e n t  approaches. A work t h a t  



would e x p l a i n  c l e a r l y  a l l  these exper imenta l  and t h e o r e t i c a l  p r o b l e m s  

would s u r e l y  be w e l l  come t o  g i v e  a f i n a l  answer t o  a l l  the  c o n t r a d i c -  

t i o n s  p o i n t e d  o u t  i n  t h i s  paper. 

We would 1 i k e  t o  acknowledge D r .  Enr i co  Predazz 

d iscuss ions  and f o r  a c r i t i c a l  read ing  o f  the  manuscr 

.i f o r  many f r u i t f u l  

i p t .  
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