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In  this letter we investigate whether a model for ~ charge exchange scattering 
with Veneziano (1) terms can reproduce the observed angular distribution as a function 
of energy. I t  is shown that,  though one is able to build up a model which fits the mag- 
nitude of forward and backward peaks as well as the widths of the most important  low- 
lying resonances, no reasonable Veneziano model can account for the measured angular 
structure even relaxing some of these requirements. In  particular, it is proved that  the 
background terms ((s, u) terms near the forward direction) are not responsible for the 
filling-up of the dips predicted by the Regge terms, when an imaginary part  is allowed 
on baryon trajectories. This is in contradiction with a recent paper (~). 

Since the work of IGI (3), several papers on r ~  Veneziano models appeared (4). 
All of them faced the difficulty of fitting simultaneously forward and backward peaks 
and the widths of well-known resonances. We shall at tempt to construct the simplest 
possible model with these properties, start ing from a set of reasonable and fairly modest 
conditions which the invar iant  A (-~ and B C-~ amplitudes must satisfy. Our hope is 
that  a model which reproduces the gross features of r ~  charge exchange scattering 
has the best chances to give an adequate description at all angles, but  the negative 
conclusions which we reach are quite general and apply, e.g., to the model of ref. (2). 

Thus, we require that  every Veneziano block included has 

a) leading Regge asymptotic behaviour in both trajectories involved, 

b) series of poles beginning at the position of the resonances to be fitted, i.e. 
JV~(939), ~r(1518), A~(1236) and p(765) (through forward peak). 
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Condi t ion  b) says  t h a t  t h e r e  will  be no sa te l l i t e  t e r m s  s t a r t i n g  a t  g or h igher .  
Toge the r  w i t h  a), i t  impl ies  t h a t  e v e r y  block mus t  c o n t r i b u t e  to  high-  and  low-energy  
sca t t e r ing ,  t h u s  avo id ing  t r i v i a l  fits. In  th i s  way,  and  a s suming  the  3~'~ and  3Tv t ra jec-  
tor ies  to be  degenera te ,  one is led to the  a m p l i t u d e s  

(1) 
~ / ( - )  = a~C~7([, 1) + azC~p([ ,  1) + a3C~A([,  ~ ) ,  

+ 1 + ~_ ~ ( - '  = b~B~v~v(½, ½) ÷ b2C.v~v(~, ~) + b3Cz~a(~, ~) + b, Bwo(~, 1 ) +  b s C~±(~ ,  ~), 

w i th  the  usua l  n o t a t i o n .  
However ,  i t  is s t r a i g h t f o r w a r d  to p rove  t h a t  (1) c a n n o t  g ive  s i m u l t a n e o u s l y  the  

correc t  m a g n i t u d e  of the  A(1236) w i d t h  and  of the  h igh -ene rgy  b a c k w a r d  peak  (given 
b y  A-leading te rms) ,  h a v i n g  a s s um ed  absence  of A p a r i t y  p a r t n e r  (*). This  incons i s tency ,  
c o m m o n  to p rev ious  models ,  is due to the  snml lness  of a s y m p t o t i c  n u m b e r s  c o m p a r e d  
to the  large  r e sonance  res idues.  

Re l ax ing  cond i t ion  a) to a d m i t  t e r m s  wi th  l ead ing  a s y m p t o t i c  b e h a v i o u r  in  only  
one t r a j e c t o r y  we c a n n o t  s t i l l  solve t he  p rob lem,  since, as can  be  seen, none  of t h e m  
c o n t r i b u t e s  e i t he r  to  the  l ead ing  b a c k w a r d  b e h a v i o u r  or to the  A(1236) res idue.  

One is the re fore  forced to a b a n d o n  res t r i c t ion  b) to i n t roduce  sa te l l i te  t e r m s  s t a r t i n g  
a t  ~ for A (**) (and  a t  2 or 3 for ~), t hus  en la rg ing  somehow the  low-energy  i n t e r v a l  to 
be  f i t ted,  a n d  r equ i r i ng  at  the  same t ime  a v a n i s h i n g  p a r e n t  t r a j e c t o r y  res idue  of b o t h  
a m p l i t u d e s  a t  th i s  po in t .  W i t h i n  th i s  f raine,  some t e r m s  arc useless in t he  sense t h a t  
t h e y  do no t  c o n t r i b u t e  e i t h e r  to the  A(1236) res idue  or to  the  b a c k w a r d  peak,  
whe rea s  t he  c o n t r i b u t i o n s  of o the r s  add  t r iv i a l ly  to those  of the  model  eq. (1). 
W e  fin&lly end  up  w i t h  

(2) 
A -) = ~e] (-) + a4D~p(~, 2) , 

B (-) ----2 ~-) + b6naA(~ ,  ~) + b:Dap(~, 3 ) ,  

where  Dij(m, n) = F(m - -  a,) F(n - -  a~)/F(m + n  - -  2 - -  a s -  at). 
The  coefficients were  f ixed b y  impos ing  the  r e s t r i c t ions  of correc t  nuc leon  pole  residue,  

e last ic  w id ths  of A(1236) a n d  ~%~v(1518) w i t h o u t  p a r i t y  pa r tne r s ,  fo rward  a n d  b a c k w a r d  
h igh -ene rgy  peaks  of da/dD and  f ina l ly  no J = ~ pole  on the  A t r a j ec to ry .  T h e  coef- 
f icient  b~ was set  equa l  to  zero since i t  c o n t r i b u t e s  on ly  to the  0Vy res idue  ( i t  ac tua l ly  
does no t  c o n t r i b u t e  to  t he  l ead ing  A b a c k w a r d  b e h a v i o u r  (***)). Since t he re  is one con- 
d i t i on  lacking ,  a n  a m b i g u i t y  appea r s  in  the  cofficients which  in fac t  can  be  e s t i m a t e d  
in  t e r m s  of the  m a g n i t u d e  of t he  b a c k w a r d  peak  and  t u r n s  ou t  to be p r e t t y  small .  
The  t r a j ec to r i e s  used in  t he  fit are  a ( x ) = a o + O d x  w i t h  ~o = 0 . 5 ,  ~0ov= 0.38, 
~ % =  0.02 and  ~ ' - - 1 .  

(*) Details for these and further assertions will be given in a forthcoming paper. 
(**) The reduction of the 6-point function for scalar particles may suggcst to include Veneziano satel- 

lites starting at most at ~ for A, .~ for ~o and 1 for p trajectory (D. Wo.'~: private eommunicaiAon). 
This hypothesis had to be violated for the ~ trajectory in our model. 

('**) Note that bl does not contribute either but affects the residues of two low-energy poles. 
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The resulting coefficients ai (1/GeV) and b~ (1/(GeV) ~) are 

(3) 

1 1 
al-.~ 2 5 . 2 ± - ~ E l ~ - ~ E 2 ,  b l = - -  134.1 ~ E 1 , 

1 1 E a 2--~ 149.1 T ~ E~ ± ~ 2, b a = 210.4 ± E l ,  

1 1 1 
as---- 62.3 T ~E~ ~- ~ E 2 ,  b4= 316.6± ~ E ~ ,  

2 2 
a 4 = - - 3 7 . 1  - ~ E  1 T ~E~ , b 5=  - -  205.7 T E1, 

2 8 
b e = - -  17.4 4- ]-~ E1 ~: ]-~ E2,  

2 8 
bT= --22.9 T T ~ E i T  ~-~E2, 

where E i and E~ are related by 

2 2 dacE, E 1 + E~ ---- 128~s ~ -  ~ 32 
~$-o. 

and their relative sign is undetermined. I t  is appearcnt that  there are too strong can- 
cellations among the coefficients in order to reproduce the forward and backward peaks. 

At this point, in order to give a numerical meaning to the (s-u) terms one must 
assign an imaginary part  ~z to the s-channel trajectory. However also the (s-t) 
terms are affected substantially by such an assignment, e.g. B+p(½, 1) can be expanded 
near the forward direction to give 

(4) B~,p , 1 - -  P[%(t) ]  (2"~¢'v}ae(t)-I 1--exp[--i~t%(t)]sin zt%(t) + 

+ 2_Me'v %~  + £(M2 + ~ )  + sin ~%(t) 

1 - -  % ( t )  
- - 2 i  exp [ - - 2 ~ i ]  exp [2~i(%~c + £s)]  + i 

2M£v  

exp [-- iz~%(t)] / 

a~ sin~%(t) ] 

up to second order in Stirling's formula, having used v = (s - -u) /4M.  The first term 
corresponds to the parent trajectory and is the one we used to fit the asymptotic peak. 
The second one is the first daughter term which contributes to the dip at %( t )~  0 
but with a too fast decrease with energy. The experimental behaviour at this dip 
corresponds in fact to the parent trajectory and this is consistent with the standard 
Regge-pole fits which use a sense-choosing mechanism for the p coupling (5). The third 

(~) W .  R ~ t r r A ,  R .  RIDDEL j r . ,  C.  CIIIu a n d  R .  PHILLIPS: Phys. Rev. ,  165, 1615 (1968);  V.  B ~ O E R  
a n d  R .  PmLLIPS:  Phys. Rev. ( in  press) .  
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t e r m  is a non-Regge  p a r t  which  wmishes  at  % = 0 a n d  decays  e x p o n c n t i M l y  w i t h  s. 
F ina l ly ,  the  fou r th  is a spuriou~ t e r m  which  appear s  because  of the  v io l a t ion  of cross ing 
due to lhe  i n t r o d u c t i o n  of an  i m a g i n a r y  pa r t  only  in s -channe l  t ra jec tor ies .  I t  does 
no t  v a n i s h  at  the  dip  pos i t ion  and  wi~h the  a s s m n p t i o n  a ~ s  a s y m p t o t i c a l l y  i t  
b ehaves  w i t h  energy  like the  p a r e n t  Re~ge te rm,  b reak ing ,  i~ th i s  way,  the  Ge l l -Mann  
m e c h a n i s m  usua l ly  a t t r i b u t e d  to Veneziano models.  F u r t h e r m o r e .  the  co r re spond ing  
t e r m s  of A (-~ do w m i s h  a t  ~ 11 g iv ing  rise to a ~, m e c h a n i s m ,  opposi te  to  the  sense- 
choos ing  impl ied  by  e x p e r i m e n t a l  fits (*). 

R e t u r n i n g  to the  model  eq. (2). w i th  ~ 0.1 s. which  is a r easonab le  choice to fit 
the  to ta l  w i d t h s  of low-ellergy resommee,~, i t  tu rn~ out  t h a t  the  (s-u)  t e rms ,  and  
the  d a u g h t e r ,  llon-lleo'ge and  spur ious  p a r t  of lhe  (s-t) t e rms  n lay  be larger  tha.n the  
p a r e n t  t , ' a jee tory  c o n t r i b u t i o n  even  at fa i r ly  h igh  e n e r g y  (e.9. ,  p~;~ ~ 18 GeV). This  
is of course due to lhe  w~ry severe cance l l a t ions  in our  model  which  ho ld  t r ue  only  for 
the  p a r e n t  l r a j ee to ry .  This  i nva l i da t e s  comple te ly  the  p red ic t ive  power  of th is  lnodel.  

This  fa ih t re  is no t  i n h e r e n t  to our  model .  If  one gives up  the  fit of the  b a c k w a r d  
peak ailllil/g ollly at  r ep roduc ing  the  allgular d i s t r i h u t i o n  in the  nea r - to - fo rward  region.  
one m a y  obt~dn a r a t h e r  impress ive  a g r e e m e n t  in a fa i r ly  wide ene rgy  i n t e r v a l  as the  
one got  b y  IIEXDRY et al. (2). However .  the  fill ing of the  dip a t  % =  0 in  no t  due 
to the  b a c k g r o u n d  (s-u) te rms ,  as t hey  argue,  b u t  to t he  spur ious  p a r t  of (s-t) 
t e rms  which  can  easi ly be e v a l u a t e d  in the i r  model  to give the  c o r r e c t  m a g n i t u d e  for 
the  di f ferent ia l  cross-sect ion "It the  dip  pos i t ion .  Moreover  the  a m o u n t  of spur ions  
t e r m  t h a t  comes in to  t he i r  model  in the  fo rward  d i rec t ion  is even  la rger  t h a n  the  p a r e n t  
Regge-pole c o n t r i b u t i o n  to A '(--~ in such  a way t h a t  th i s  lnodel  would  p red ic t  a high-  
ene rgy  to ta l  cross-sect ion ~=- ¢~- a b o u t  40°0 of the  e x p e r i m e n t a l  value.  

Concluding.  one m a y  r e m a r k  t h a t  these  p rob lems  are a c o m m o n  fea tu re  of any  
na ive  Veneziano model  w i t h  complex  t ra jec tor ies .  Ae tua l ly  only  the  spur ious  t e rms  
eouht  exp la in  the  f i l l ing-up of the  dip. bu t  th i s  is of eourse p r e v e n t e d  by  a p rope r  
s i m u l t a n e o u s  fit to the  fo rward  peak  and  the  a s y m p t o t i c  t o t a l  cross-sect ion.  These  
t roub les  do nol d i sappea r  ~vh,,n u n i t a r i z i n g  the  Veneziano model  wi th  Love taee ' s  K-  
m a t r i x  n le thod,  as discussed in ref. (';). 
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