
LE ' iTT]~RE A L  N U O V O  C I ~ I E N T O  V O L .  I I [ ,  N .  '2 ~ Genn~io  1970 

A Strict Phenomenological Connection between Dips and Resonances 

in Pion-Nucleon Scattering. 

R. ODORICO 

Istituto di F is ica  de~l' Universit~ - Trieste 
Istituto £Vazionale di F is iea  Nucleate - Sottosezione di Trieste 

(Lettere al .Nuovo Cimento, 2, 655 (1969)) 

On p. 656 delete f r o m  (( A r e a s o n  for  t h i s  fac t  ... ~) to  (~ ... w i t h  c o n s t a n t  r e s idues  ~) 
(12 l ines) a n d  substitute w i t h  

(~ A r eason  for  t h i s  f ac t  is n o t  diff icul t  to  u n d e r s t a n d .  T h e  n u m b e r  of zeros  w h i c h  
a pole  c a n  cross is f ixed b y  i ts  t o t a l  a n d  o r b i t a l  a n g u l a r  m o m e n t a .  T h e r e f o r e  t h e  r e s idue  
of t h e  p pole  m u s t  h a v e  no  zero in  B a n d  one  zero in  A ;  t h a t  of t h e  nuc l eon  m u s t  h a v e  
no  zero in B (J~ is a b s e n t  f r o m  A becaus e  of i t s  p a r i t y )  ; t h a t  of t h e  A m u s t  h a v e  one  
zero in B a n d  one zero in  A.  Howeve r ,  t h e  zero of t h e  A in  B occurs  r a t h e r  far ,  a t  
t _ + 2 . 4  (GeV) 2. The re fo re  w h e n  t h e  ~ ,  A a n d  p poles  cross t h e  u _ ~ - - 0 . 1 5  a n d  t _ ~ - - 0 . 6  
zeros in  t h e  a m p l i t u d e  B,  o the r  poles  a re  n e e d e d  a t  t h e  i n t e r s e c t i o n  p o i n t s  in  o rde r  to  
r e m o v e  t h e  zeros f r o m  t h e i r  res idues .  

The  s i t u a t i o n  can  also be  looke4  in  a n o t h e r  way ,  r ea l i z ing  t h a t  t h e  i n t e r s e c t i o n  p o i n t  
of two  poles  m u s t  b e  crossed b y  a zero.  I n d e e d  n e a r  t h e  i n t e r s e c t i o n  p o i n t  one  can  
a p p r o x i m a t e  t h e  a m p l i t u d e  b y  

a 

i.e. nea r  t h e  i n t e r s e c t i o n  p o i n t  

b a(u - -  ~n~) + b(s - -  ~2a) 

t h e  a m p l i t u d e  is r e p r e s e n t e d  b y  t h e  p r o d u c t  of two  
poles  t i m e s  t h e  zero [ a ( u - - m ~ ) +  b(s--m~)] .  I f  a ~  b t h e  zero t a k e s  t h e  f o r m  [t--to], 
with to= ~ +  .~--~.~, ~ b e i n g  t h e  s u m  of  t h e  s q u a r e s  o f  t h e  e ~ t e r u a l  m a s s e s .  ,~ 

t l 

On p. 657 (18th  l ine) delete t h e  p h r a s e  

(~ H o w e v e r  i t  t h e n  r e m a i n s  to  e x p l a i n  w h y  t h e  M = 1700 b u m p ,  as i t  r e su l t s  f r o m  
Fig.  2 ha s  two zeros b o t h  in  A a n d  in  B,  i n s t e a d  of h a v i n g  in  A one  zero more  t h a n  

in  B.  ~ (4 l ines).  

On p. 658 (5 th  l ine)  delete f r o m  ~ On t h e  c o n t r a r y  ... ~) to  ~ ... f r o m  s u c h  z e r o . ,  
(7 l ines) a n d  substitute w i t h  

~ The  g -meson  (p•(1650) in  t h e  n o t a t i o n  of t h e  t a b l e s  of t b e  P a r t i c l e  D a t a  G r o u p )  
fits more  nicely.  I n  A (Fig. 2a) i t  crosses t h e  zero a t  s _~- -  1.5 ( i n d i c a t e d  b y  p h a s e -  
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shifts), t h a t  at  u ~ - - 0 . 1 5 ,  and the  zero at  n ~ - - 2 . 3  requ i red  by the  in tersect ion of 
the  p wi th  the  ~ /~ -=  1.930 bmnp.  In  the  ampl i tude  B the  zero at u ~ 2.3 m~st  be 
present  in the  A residue (see above) and therefore  mus t  no t  be r emoved  by  the  g;  this  
toge the r  w i th  the  evidence  f rom phase-shif ts  against  a zero at s ~ - -  1.5 in B suggests 
a decoupl ing of t he  g-lneson f rom the  ampl i tude  B. The dip at u ~_--2.3, anyway,  
should be present  bo th  in A and in B and therefore  i t  should be clearly detected in baeIc- 
ward ~+p scattering ~). 

On p. 658 (27th line) delete f rom (( W e  do no t  know ... ~) to (~ ... cannot  be solved by £Y )) 
(5 lines). 

I n  Fig.  1 and 2 correct for the  0 mass ( % / t =  0.760 ins tead  of %/ t -~  0.700) and for 
t he  posi t ion of the  zero at  s _~ + 0,45, the  correct  va lue  being s ___ + 0.30. I n  Fig.  2b 
(corresponding to ampl i tude  B) the  zero at  s ~_- -1 .5  and the  pole at  % / 7 =  1.650 
should be cancelled.  

The conclusions contained in the original version o] the paper remain essentially una]- 
]eeted by the above modi]ications. They are moreover considerably enriched. Indeed,  as 
we h a v e  seen above  (e r ra tum to p. 656), at  the  in tersec t ion  poin t  of two poles the orien- 
t a t i on  of the  d i rec t ion  of the  zero l ine wi th  respect  to those of the  two pole-lines 
de te rmines  and is v ice  versa  de te rmined  by  the  ra t io  of the  residues of the  two poles 
a t  t h e  in tersec t ion  point .  In  the case o] ~p scattering, t h a t  we are here  considering, 
all the zeros are oriented in such a way that the residues o/the two poles must be equal at 
the interaction point. This equa l i ty  mus t  be exac t  for t rue  poles, and should be expected 
to be app rox ima te  for quasi-poles like the  resonances.  In  t he  ampl i tude  B, for instance,  

2 G ~ r  = + 370, the  residue of the  nucleon pole, wi th  the  residue of one can compare  
t he  A at  the  j~A in tersec t ion  which is ~ -4- 300 (der ived f rom phase shifts). As to the  p, 
i ts  res idue (constant  in the  ampl i tude  B) has been eva lua ted  th rough  backward  
dispers ion re la t ions  (C. LOVELACE: Invited paper at the Irvine Con]erence (1967)), finding 
a va lue  ~ - } - 1 1 0 × 2 =  + 220, the  fac tor  2 being a crude correct ion for the  fact  t h a t  
in t he  fit  used for this de te rmina t ion  m~ = 0.35 (GeV) 2 is t aken  ins tead of the  experi-  
m e n t a l  va lue  ~ 0.6 (GeV) 2. This  n u m b e r  for the  p-residue should be in te rpre ted  of 
course only  as an o rder -o f -magni tude  es t imat ion ,  an er ror  by  a fac tor  2 being perfect ly  
al lowed.  The  A res idue a t  t he  Ap in tersec t ion  is ~ d - 1 7 0 .  

The  compar ison  of the  above  numbers  gives an idea  of the  quan t i t a t i ve  imprecision 
i n t roduced  in t he  above -men t ioned  equal i t ies  by  the  f ini te  widths  of the  resonances. 
i n  def ini t ive  i t  is no t  so bad,  and we can say tha t  ana l i t ic i ty  opens to us a complete ly  
new and  promis ing  w a y  of corre la t ing  coupl ing cons tan ts  in s t rong- in terac t ion  physics. 

A more  ex tended  and  deta i led  vers ion  of the  pape r  is in prepara t ion .  


