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The ex is tence  o f  narrow mesonic resonances i s  seen t o  be compatible 

w i t h  asymptot ic  r e s u l t s  on Regge t r a j e c t o r i e s  obtained p rev ious l y  on 

ra the r  general grounds. 

Mostra-se a compati b i  l idade en t re  a ex i s tênc ia  de ressonâncias mesôni - 
cas e s t r e i t a s  e comportamentos ass in tó t icos obt idos  previamente, para 

t r a j e t ó r i a s  de Regge mesônicas, em base a argumentos bastante gera is  . 

1. INTRODUCTION 

In the course o f  the  l a s t  few years, we t r i e d  t o  de r i ve  consequenkesof 

the  a n a l y t i c i t y  and u n i t a r i t y  o f  the s c a t t e r i n g  amplitudes on r i s i n g  

Regge t r a j e c t o r i e s  i n  an essen t i a l  1 y model -independent frame' . The main 

r e s u l t  obtained was t h a t  the w id ths  o f  the resonances i n te rpo la ted  by 

the t r a j e c t o r i e s  grew l i n e a r l y  w i t h  the  mass o f  t he  resonance. A cru-  

c i a l  t e s t  f o r  our r e s u l t  was thought t o  be the eventual d iscovery o f  a 

resonance a t  the  same t ime massive and narrow. 

Would the recent f i n d i n g  o f  the ps ion  fami ly2 po in t ,  i n  t h i s  sense, t o  

the  breakdown o f  t he  standard a n a l y t i c i t y 3?  I n  the  f o l  lowing analysis, 

we show t h a t  t he  answer i s  "not necessar i ly" .  

According t o  an i n v e s t i g a t i o n  o f  Chang and ~ e l s o n ' ,  the psions are con- 

s i s t e n t  w i t h  a Regge c l a s s i f i c a t i o n  under the 0 ( 4 )  group, i n  the  sense 
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of  Freedman and wang5. The de ta i  1s are  no t  re levant  t o  our d iscussion,  

bu t  the  r e s u l t  t h a t  the  narrow resonances s i t  on Regge t r a j e c t o r i e s  

t h a t  a re  l i n e a r  i n  s i s  very important .  As the proposed mechanisms t o  

e x p l a i n  the  i n h i b i t i o n  o f  s t rong decays a re  no t  much dependent on the 

growth o f  the  mass o f  the  resonance, we w i l l  consider, f o r  s i r np l i c i t y ,  

the case o f  narrow resonances o f  very h igh  mass. I s  the existence o f  

these p a r t i c l e s  compatible w i t h  the  usual assumptions o f  a n a l y t i c i t y  

and u n i t a r i t y  ? 

2. THE MODEL 

We s t a r t  by assuming t h a t  the  mesonic t r a j e c t o r y  a (s )  has the  f o l  lowing 

p rope r t i es :  

a) i t  i s  a n a l y t i c  i n  the complex s-plane c u t  a long the rea l  a x i s  above 

the  phys ica l  th resho ld  and continuous on the  r e a l  ax i s ;  

b) i t  i s  r e a l  a n a l y t i c ,  i .e., a*(s)=a(s*); 

c) i t  grows slower than an exponent ia l  i n  s, f o r  IsI-tco on t h e  u p p e r  

ha l f - p lane  o f  the  phys ica l  sheet; 

E and 6 being r e a l  numbers. 

Under these condi t ions, the  ~ h r a g m é n - ~ i  nde lo f  theorem can be appl i ed  

t o  the  f u n c t i o n  a ( s ) / ( - s l E  1 h ( - s )  I', wi t h  the  consequence t h a t  C+= C- = 

C, a p o s i t i v e  constant, i f  the t r a j e c t o r y  i s  t o  r i s e  w i t h  S. 

For l a rge  values o f  s, i t  f o  

E 
Re a ( s ) =  -C cos (7re)s ( h  s )  6 

The widths o f  the resonances i n t e r p o l a t e d  by a (s )  a r e  
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the prime denot ing d i f f e r e n t i a t i o n  w i t h  respect  t o  S. Using ( 2 ) and 

( 3 1 ,  one gets  

(5)  

The uni  t a r i  t y  requi  rement ( f  rom potent  ia1  theory)  o f  posi  t i v i  t y  of t he  

imaginary p a r t  g ives 

where the extreme va 

Assume, accord i ng t o  

c lose  t o  a  s t r a i g h t -  

o r i g i n  t o  the  r e s t r i c t i o n s  

ues are  included o n l y  i f  @#O. 

Chang and ~ e l s o n ~ ,  t h a t  the t r a j e c t o r y  i s  very 

ine, t ak ing  E t o  be very c lose  t o  1 .  T r a j e c t o r i e s  

o f  t h i s  k i nd  have been ex tens i ve l y  s tud ied and are, i n  our op in ion ,  

good candidates t o  be the  " real  1  i fe l '  t r a j e c t o r i e s  t h a t  in terpo la te  t he  

resonances known before  the  psions.  The i r  prominent f ea tu re  i s  t h a t ,  

as f o l  lows f rom Eqs. (2-51, 

t h a t  i s ,  a  w id th  o f  a  very general form which grows l i n e a r l y  w i t h  the  

mass and does no t  depend on any t r a j e c t o r y  parameter o the r  than E. The 

problem then i s :  p u t t i n g  the  psions on t r a j e c t o r i e s  o f  t h i s  type t h a t  

a re  almost l i n e a r  means g i v i n g  them wid ths  o f  the  same order  o f  the 

w id ths  o f  "ordinary"  resonances. I s  t h i s  an evidence t h a t  the psions 

l i e  on t r a j e c t o r i e s  o f  d i f f e r e n t  a n a l y t i c i t y  p rope r t i es?  

Not so. Observe, i n  f ac t ,  t h a t  we can get  very near a  l i n e a r  t r a j e c t o -  

r y  i n  a  d i  f f e r e n t  way. Take, i n  Eq. ( 1 1 ,  ~ = 1  and B#O. The t r a j e c t o r y  



i s  then, f o r  l a rge  s, 1 inear except f o r  a logar i th rn ic  f a c t o r .  Frorn E q .  

(51, we have now f o r  the  w id th ,  

and f o r  the  t r a j e c t o r y ,  

By tak ing ,  i n  E q .  (81, a smal 1, negat ive value f o r  B ,  one can see t h a t  

t r a j e c t o r i e s  are  obtained which are e s s e n t i a l l y  l i n e a r  ( t h a t  i s ,  whose 

r e a l  p a r t s  a r e  l i n e a r  i n  s except f o r  a l oga r i t hm ic  dependence), whose 

irnaginary p a r t s  a re  p o s i t i v e  and srnall cornpared t o  t he  r e a l  ones, and 

whose asyrnptotic w id ths  can be orders o f  magnitude srnaller t h a n  t h e  

w id ths  given by E q .  (7 ) .  Recal l  t h a t  the  pararneter E can, i n  the  con- 

t e x t  of cons iderab ly  r e a l i s t i c  models, be connected t o  the i n t e r c e p t  

o f  t r a j e c t o r i e s ,  and, ço, i s  no t  rea l  l y  f r ee 7.  I t  i s ,  there fore ,  re-  

a l l y  essen t i a l  t h a t  narrow widths be obtained through a d i f f e r e n t  me- 

chanisrn than a c leve r  choice o f  E.  

I t  i s  t h i s  mechanisrn t h a t  we c la i rn t o  have found 

REFERENCES 

1 .  H. Flerning and T. Sawada, Lett.Nuovo Cimento 1 ,  n? 25, 1045 (1971); 

H .  Flerning and A. Montes F i l ho ,  Nuovo Cimento 14A, 215 (1973). 

2. J.J. Aubert e t  aZ., Phys.Rev.Lett. 33, 1404 (1974); J. E. Augustin 

e t  aZ.,  Phys. Rev. L e t t .  33, 1406 (1974); G.S.  Abrarns e t  a l . ,  Phys. 

Rev.Lett.  33, 1453 (1974). 

3. R.  Oehme, CompZex Angular kmentwn i n  BZernentamj Partiele Scatter- 

i n g ,  i n R.G. Moorhouse (ed.) Strong In terac twns  and High Energy Phy- 

sim (O1 i v e r  and Boyd, 1964). 

4.  N.P. Chang and C.A. Nelson, Phys. Rev. L e t t .  35, 1492 (1975). 



5. D.Z. Freedman and J.M. Wang, Phys.Rev.Lett. 18, 863 (1967). 

6. E. Phragmén, E. L i nde lo f ,  Acta Math. 31, 381 (1908); see a l s o  E.C. 

T i  tchmarsh, Tke Tkeory of Functions (Oxford, 1939). 

7. H. Fleming, Rev.Brasi1 .F is .  3, 4 3  (1973). 


