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A new rep resen ta t ion  is der ived for  the /rTg P wave. This  r ep resen ta t ion  enables  us to compute the 
second and all h igher  negative moments  of the discont inui ty  a c r o s s  the Left cut, s t r i c t ly  in t e r m s  of phys ica l -  
region absorpt ive  pa r t s .  We cons t ruc t  N/D solutions for the P wave, using a model for  the left cut which 
incorpora tes  generous  e s t i m a t e s  for  the second, third,  and fourth negative moments .  We find that despite  
generosi ty  of our  e s t ima te s ,  the left cut is too weak to generate  a resonance  when e las t ic  uni tar i ty  is 
assumed,  and also when the possibi l i ty  of substant ia l  ine las t ic i ty  is taken roughly into account. We conclude 
that  the p resonance  is  due e i t he r  to present ly  unknown deta i l s  of the inelas t ic i ty ,  or  to a bound state  in some 
other  channel.  

I t  h a s  l ong  b e e n  t e m p t i n g  to s u p p o s e  t h a t  the  
p m e s o n  i s  a d y n a m i c a l l y  bound  s t a t e  of two 7r 
m e s o n s ,  in  the  s e n s e  t h a t  the  f o r c e s  c o r r e s -  
p o n d i n g  to the  l e f t  cu t  of t he  7rTr P w a v e  a r e  
s u f f i c i e n t  to  g e n e r a t e  the  p r e s o n a n c e .  I n d e e d ,  
n u m e r o u s  a u t h o r s  h a v e  p r o p o s e d  m o d e l s  f o r  the  
l e f t  cu t  w h i c h  r e s u l t e d  in  the  g e n e r a t i o n  of p 
r e s o n a n c e s  [1].  H o w e v e r ,  t he  v a l i d i t y  of s u c h  
m o d e l s  h a s  a l w a y s  b e e n  o p e n  to q u e s t i o n  - 
p a r t l y  b e c a u s e  of t he  d i f f i c u l t y  w h i c h  h a s  b e e n  
e x p e r i e n c e d  in  o b t a i n i n g  s a t i s f a c t o r y  v a l u e s  
f o r  t he  m a s s  and  w i d t h ,  and  e s p e c i a l l y  b e c a u s e  
no  m e t h o d  h a s  h e r e t o f o r e  b e e n  k n o w n  f o r  
o b t a i n i n g  r e l i a b l e  i n f o r m a t i o n  a b o u t  the  d i s -  
c o n t i n u i t y  to  the  l e f t  of [ q c .  m l  2 = - 9 m  2. 

In t h i s  l e t t e r ,  we  d e r i v e  a new  r e p r e s e n t a t i o n  
f o r  t he  7rTr P w a v e .  We c o m p a r e  t h i s  new  r e p r e -  
s e n t a t i o n  w i th  the  s t a n d a r d  d i s p e r s i o n  r e l a t i o n ,  
and  t h e r e b y  o b t a i n  a p o w e r f u l  new  c o n d i t i o n  on  
t he  l e f t  cut .  T h i s  n e w  c o n d i t i o n  e n a b l e s  u s  to 
c o m p u t e  the  s e c o n d  and  a l l  h i g h e r  n e g a t i v e  
m o m e n t s  of t h e  d i s c o n t i n u i t y  a c r o s s  the  l e f t  
cu t ,  s t r i c t l y  in  t e r m s  of p h y s i c a l - r e g i o n  a b -  
s o r p t i v e  p a r t s .  

U s i n g  a s i m p l e  m o d e l  f o r  t he  l e f t  cu t  w h i c h  
i n c o r p o r a t e s  g e n e r o u s  e s t i m a t e s  f o r  the  s e c o n d ,  
t h i r d ,  and  f o u r t h  n e g a t i v e  m o m e n t s ,  we c o n -  
s t r u c t  N/D s o l u t i o n s  f o r  t he  7rTr P w a v e .  We 
f ind  t h a t  the  l e f t  cu t  i s  too  w e a k  to g e n e r a t e  
a r e s o n a n c e  w h e n  e l a s t i c  u n i t a r i t y  i s  a s s u m e d ,  
and  a l s o  w h e n  the  p o s s i b i l i t y  of s u b s t a n t i a l  
i n e l a s t i c i t y  i s  t a k e n  r o u g h l y  in to  a c c o u n t .  O ur  
w o r k  t h e r e f o r e  i n d i c a t e s  t h a t  the  p r e s o n a n c e  
i s  due  e i t h e r  to  p r e s e n t l y  u n k n o w n  d e t a i l s  of 
t he  i n e l a s t i c i t y ,  o r  to a b o u n d  s t a t e  in  s o m e  

o t h e r  c h a n n e l .  T h e  a n a l y s i s  p r o c e e d s  a s  f o l -  
l ows .  

Le t  us  d e n o t e  t he  7rTr e l a s t i c  a m p l i t u d e s  by 
Ai(v ,  c o s  0), w h e r e  I d e n o t e s  s - c h a n n e l  
i s o s p i n ,  and  v -= [ q c .  m l  2" We s h a l l  u s e  u n i t s  
w h e r e i n  rnTr = ~ = c = 1, and  o u r  n o r m a l i z a t i o n  
i s  s u c h  t h a t  the  p a r t i a l  w a v e s  A(  l )I s a t i s f y  

A ( l)I ( v) = RIl ( v) ~ u  1 e x p ( i ~ ) s i n 6 /  

f o r  v > 0, w h e r e  R/I d e n o t e s  the  r a t i o  of e l a s t i c  
to t o t a l  p a r i t a l - w a v e  c r o s s  s e c t i o n s ,  and  the  
6[  a r e  r e a l .  B o s e  s y m m e t r y  i m p l i e s  t h a t  i f  
I i s  odd ( even ) ,  t h e n  A( l ) I  v a n i s h e s  u n l e s s  l 
i s  a l s o  odd (even) .  

To f a c i l i t a t e  the  r e m a i n d e r  of o u r  d i s c u s s i o n ,  
we  s h a l l  d e n o t e  the  c o m b i n a t i o n  of a m p l i t u d e s  
w i th  I = 1 in  the  t - c h a n n e l  by 

2 
T 1 (v,  c o s 0 ) ~  ~ f l l iAI(v, c o s e )  

I=O 

w h e r e  f i l l  = 1 v,  ½ a n d - ~ f o r I  = 0 ,  1 and  2, 
r e s p e c t i v e l y .  We s h a l l  a l s o  d e n o t e  t he  s u m  
o v e r  A ~ / 1  w i th  l >/ 3 by 

.~1 (u) =- / ~ = 3 ( 2 / + l ) A ( l ) l ( v )  . 

To o b t a i n  a r e p r e s e n t a t i o n  w h e r e i n  A (1)1 
c a n  be  c o m p u t e d  f r o m  p h y s i c a l - r e g i o n  a b s o r p -  
t i v e  p a r t s ,  we  w r i t e  t he  P w a v e  a s  

A(1)l(v) = ½ [At(v, I) - AI(v)] . (1) 
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The fo rward  ampl i tude  A l ( v ,  1) s a t i s f i e s  the 
r e p r e s e n t a t i o n  [2] 

v oo d r '  
A l ( v ' l )  =~-0 f (v'+l)(v'+v+l) x 

x I l m T l ( v ' , l ) +  ( v + l ) ( 2 v ' + l )  l u ' ~ - ? ) -  ImAl (v  ', 1) . (2) 

F u r t h e r m o r e ,  the A( / )  1 with l >/ 3 can be ob-  
ta ined f rom the F r o i s s a r t - G r i b o v  r e p r e s e n t a -  
tion * : 

oO 

7. ~v' + l)  A(l)l(v) = 211 -uv(-l)/] f dr' Ql ~ + z  v 
0 

2 v + l ~  × I m T  l ( u ' ,  1+ ~ T - / ,  (3) 

which is  val id  for  Re v < 0. Using the r e l a t ion  

1 pl(z, ) 
Ql( Z) = -½ f dz' z ' ~  

-1 

t oge the r  with 

( 2 / + 1 )  Pl(z) =6(z-1)-6(z+ l)-3Pl(z) , 
odd l =3 

we r ead i ly  sum the A( l)1 given by eq. (3) to ob-  
tain 

v ~¢ I 1 AI(v)  =~-of  d r '  (v' + l)(v' + v+ l) 

12 Q l ( l + 2  v ] j I m T  (v 1 ~ 7 - /  (4) 
- p2 

The abso rp t ive  p a r t s  on the r ight  s ide  of eq. 
(2) a r e  to be evalua ted  in the p h y s i c a l  reg ion ,  
and the abso rp t ive  pa r t  on the r ight  s ide  of eq. 
(4) can be obtained f rom a convergent  Legendre  
s e r i e s ,  p rov ided  that -9 < v < 0"* .  T h e r e f o r e ,  
eqs.  (1), (2) and (4) enable  us to compute  A (1)1 
for  -9 < v < 0, s t r i c t l y  in t e r m s  of p h y s i c a l -  
reg ion  abso rp t ive  p a r t s .  

The s t andard  d i s p e r s i o n  r e l a t ion  for  A(1) 1 is  

;I v ImA(1) l (v ' )  
A(1) l (v)  =y v' + dv v'(v'-v) (5) 

F o r  -9 < v < -1,  ana ly t i c i ty  and c r o s s i n g  
s y m m e t r y  imply  [5] 

- v -1  
2 v ' + l  ImA(1)l(v) :~- f d r '  PI(1  +2 ) x 

o v (6) 
2 oo 

× ~ /311 ~ (2l +l)ImA(l)I(v')P 1 \(1+2 v+lo~ ) . 
I =0 l =0 

Unfortunately,  the Legendre  s e r i e s  on the 
r ight  s ide  of eq. (6) d i v e r g e s  over  p a r t  of the 
range  of in tegra t ion  when v < -9 **. It is  this  
d ive rgence  which has he re to fo re  p reven ted  us 
f rom obtaining any r e l i a b l e  in format ion  about 
ImA(1) 1 for  v< -9.  

To obtain fu r the r  in format ion  about ImA (1)1 
for  negat ive  v, we note that eq. (5) i m p l i e s  

-1 
~P fdv' ImA(1) l (v ' )  - 

_~o v ' ( v ' - v )  
o o  

= ReA(1)l(v)  - ~ p of d r  , ImA(1) l (v ' )  
v ' (  v '  - v )  " 

(7) 

If eqs.  (1), (2) and (4) a r e  used  to eva lua te  
ReA(1) 1 on the r ight  s ide  of eq. (7), then a 
g r e a t  dea l  can be i n f e r r e d  about ImA(1) 1 for  
v < -1.  F o r  example ,  the second and a l l  h igher  
nagt ive moments  of ImA(1) 1 can be obtained by 
equating the d e r i v a t i v e s  of the lef t  and r ight  
s ides  of eq. (7) at th reshold .  The f i r s t ,  second,  
and th i rd  d e r i v a t i v e s  at  t h r e sho ld  a r e  given by 

1 fldvImA(1)l(v) 1 ~ dv 

_oo v 2 - 3~ 0 ( v + l )  2 
- - > <  

* The Froissar t -Gribov representation is also 
valid for the P wave itself. However, there is a 
practical advantage to writing A(1) 1 in the form of 
eq.(1) . Specifically, A(1) 1 can be obtained near 
threshold from total cross sections, simply by 
using eqs. (1) and (2) together with the optical 
theorem, while noting that ~1 vanishes like v 3 
near threshold. 

** We assume that the domain of convergence is 
determined by the boundaries of the double 
spectral functions. It follows that the Legendre 
series for Im.Al(v', 1+2 (v+ l)/v') converges for 
all v' > 0 if -9 < v < O, but diverges for v > 2 if 
V < -9 [3]. 

X Im[T l (v ,  1 ) -  3A(1)l(v) + 2 , ~ . ~ l ( v ) ,  ], 

2 51 imA(1) l (v)  2 
~ - _ J d v  v2 7 dv 

= - ~ - 0  ~ ; - i ~  J ×  

im[Tl(v, 1)_3A(1)l(v) v3+( v+ l)3~l(v)l  

(8a) 

(8b) 
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6 ( - 1  ImA (1)1(v) 

2 F dv ~ 1 1+2) - ~  ~ I m [ T l ( v ,  1 ) - ~  Tl ( v ,  - 

_ 3A(1)I(v ) + (2v+ 1) (2v2+2v+ 1)~l(v)  l 
v 4 

(8c) 

r e spec t ive ly .  Since ImA(1)l  is given by eq. (6) 
for  -9 < v < -1, eqs. (8a-c) can be used to deduce 
the cor respond ing  moments  of ImA(1)l  ove r  the 
i n t e rva l  - ~< v < -9, again in t e r m s  of phys i ca l -  
r eg ion  absorp t ive  par t s .  

Having made the p reced ing  genera l  r e m a r k s ,  
le t  us now evaluate  the in tegra l s  on the r ight  
s ides  of eqs. (8a-c). 

We shal l  a s s u m e  that below 1.5 GeV, only the 
S, P and D waves contr ibute.  Fo r  the S waves ,  
we shal l  use the solutions published recen t ly  
by the p re sen t  author  with an= 0.25, a 2 = -0.046, 
m~ = 960 MeV, F e = 550 MeV [5]. These  so lu-  
t ions a r e  in good a g r e e m e n t  with ana lyses  of 
~N ~ ~ N  data, and the resu l t ing  values  for  the 

contr ibut ions  to the r ight  s ides  of eqs. (8a-c) 
a r e  unlikely to be apprec iab ly  s m a l l e r  than the 
c o r r e c t  phys ica l  values .  As ment ioned before ,  
one of the conclus ions  of our work will  be that 
the left  cut of A(1) 1 appears  to be too weak to 
gene ra t e  the p, and it would only s t rengthen  this 
conclus ion if our va lues  for  the ~ contr ibut ions  
should turn  out to be somewhat  l a r g e r  than the 
phys ica l  va lues  *** 

We shal l  a s s u m e  that the P wave and I = 0 
D wave a re  dominated  below 1.5 GeV by the p 
and f0 r e sonances ,  r e spec t ive ly .  We a s s u m e  
that  m = 765 MeV, F = 125 MeV, mf = 1260 
MeV, Pand Ff = 125 MePv, and we r e p r e s e n t  the 
abso rp t ive  pa r t s  by B r e i t - W i g n e r  fo rmulas  
with c o r r e c t  th resho ld  behavior  [6]. The I = 2 
D wave is  quite sm'all  over  this region,  and 
we shal l  neglec t  it. 

Next we cons ider  ene rg ie s  above 1.5 GeV. We 
begin by noting that the in tegra l s  on the r ight  
s ides  of eqs. (.2), (4), (8a) and (8c) a r e  dominated 
in the asympto t ic  region by I m T l ,  and that 
the in tegra l s  on the r ight  s ides  of eqs. (8b) and 
(8c) converge  so rapidly  that contr ibut ions  f rom 
above 1.5 GeV a r e  only of secondary  impor tance .  

Olsson has combined nN cha rge -exchange  
data with Sakura l ' s  un ive r sa l i ty  to infer  that 
I m T l ( v , 1 )  ~ 0.29 ./v-v for  l a rge  v[2] t If one uses  
this  fo rmula  above 1.5 GeV, the resu l t ing  con-  
t r ibut ion to the r ight  s ide of eq. (8a) is 0.0019. 

Table 1 
Negative moments of ImA(1) 1 for v < -1. Ka, K b and 
Kc denote contributions to the right sides ofeqs. (8a), 

(8b) and {8c), respectively. 

S o 

S2 

P 
f0 

E > 1.5 GeV 

102 XKa 103 XKb 103 XKc 

1.19 -6.78 7.34 

-0.29 0.92 -0.72 

-1.02 2.73 -1.42 

0.22 -0.21 0.03 

0.86 0.19 0.01 

Total 0.96 -3.15 5.24 

Morgan and Shaw have used forward  and 
f i r s t - d e r i v a t i v e  d i spe r s ion  re la t ions  together  
with phenomenologica l  cons idera t ions  to con- 
s t ruc t  a set  of so l i t ions  for ~ ampl i tudes  [7]. 
F o r  the reg ion  above 1.5 GeV, the ef fec t ive  
value of Im Tl(v,  1) is de te rmined  by Morgan 
and Shaw from se l f - cons i s t ency  conditions.  Fo r  
the va r ious  solut ions cons idered  in the i r  work, 
ImT 1 is such that it would contr ibute  between 
0.0066 and 0.0097 to the r ight  s ide of eq. (8a) 
f rom above 1.5 GeV. 

As our th i rd  and las t  model  for T 1, we con-  
s ide r  the s i n g l e - t e r m  Veneziano fo rmula  [8]. 
We find that in this  model ,  ImT1 contr ibutes  
0.0097 to the r ight  side of eq. (8a) f rom above 
1.5 GeV. 

In the context  of our c la im that the left  cut of 
A(1) 1 is weak, a conse rva t ive  e s t i m a t e  for  
ImT1 co r r e sponds  to a generous  e s t ima te  *** 
T h e r e f o r e ,  we shall  use the Veneziano model  
for Im T 1 above 1.5 GeV. 

As we met ioned  e a r l i e r ,  the h igh-energy  
contr ibut ions of ImA(1) 1 and I m ~  I to the r ight  
s ides  of eqs. (2), (4) and (Sa-c) a r e  only of 
secondary  impor tance .  Fo r  the sake of def t -  
n i t ess ,  we shal l  use the Veneziano model  for  
I m A ( l l l  and I m ~ l  above 1.5 GeV. 

In table 1, we p r e sen t  indiviual  contr ibut ions  
and net va lues  for  the r ight  s ides  of eqs. (8a-c). 

We r e m a r k  that the P - w a v e  sca t t e r i ng  length 
al  is given by 

1 + fd~  ImA(1)l(v) (9) 
al  = ~- - 0 v2 

*** postive contributions to the right side of eq. (8a) 
correspond to attractive forces, and we claim 
that the net attractive force appears to be too 
weak to generate a resonance. 

j This value for ImT 1 is only about 20% as large 
as the Veneziano value, and the discrepancy seems 
worth investigating. 
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T h e  c o n t r i b u t i o n  to a l  f r o m  t he  l e f t  cu t  of A(  1)1 
i s  p r e c i s e l y  t he  s a m e  a s  t h e  q u a n t i t y  w h i c h  
a p p e a r s  on  t he  l e f t  s i d e  of eq. (8a) ,  a n d  i s  
g i v e n  by  t a b l e  1 a s  0 .0096.  If  we u s e  t h e  s a m e  
v a l u e s  f o r  t h e  p p a r a m e t e r s  a s  b e f o r e ,  t h e n  a 1 
r e c e i v e s  0 .027 f r o m  t h e  p c o n t r i b u t i o n  to  t he  
r i g h t  cu t  of A(1) 1. T h e  i n t e g r a l  o v e r  the  r i g h t  
cu t  i s  r a p i d l y  c o n v e r g e r t  and  s h o u l d  b e  d o m i -  
n a t e d  by  t h e  p c o n t r i b u t i o n .  A s s u m i n g  p d o m i -  
n a n c e  of t he  r i g h t  cu t ,  we o b t a i n  a m e f  v a l u e  
of a 1 = 0 .037 ,  in  good a g r e e m e n t  w i th  t h e  c u r r e n t -  
a l g e b r a  p r e d i c t i o n  of W e i n b e r g  [9]. 

To  s e e  w h e t h e r  t h e  l e f t  cu t  of A ( 1 )  1 i s  c a p a b l e  
of g e n e r a t i n g  t he  p r e s o n a n c e ,  we nex t  c o n t r u c t  
P w a v e s  d r i v e n  by  l e f t  cu t s  w h i c h  a r e  c o n s i s -  
t e n t  w i t h  t he  p r e c e d i n g  e q u a t i o n s .  W e  a s s u m e  
t h a t A ( 1 ) l  = N / D ,  w h e r e  

-1 D(v ' )  I m A ( 1 ) l ( v  ' )  ( lOa )  
N (v) = v f  .dr' v ' (v '  - v) ' 

_ o o  

oo 1 

D(v)  = 1 - u-- f  dr '  N (v ' )  [ v ' / ( v '  + 1)]~ 
7r 0 v ' ( v ' - v ) R ~ ( v ' )  

(lOb) 

T h e  p r e s e n c e  of R~ in  t h e  i n t e g r a n d  of eq. (10b) 
e n a b l e s  u s  to  i n c l u d e  t he  e f f e c t s  of i n e l a s t i c i t y  
by  t h e  m e t h o d  of F r o i s s a r t  [10]. 

F o r  v < -1 ,  we a p p r o x i m a t e  I m A ( 1 ) l b y  

I m A ( 1 ) l ( v )  = ~(v) 0 (v - A )  + 776(v - V) , (11) 

w h e r e  ~ (v) d e n o t e s  t he  ne t  c o n t r i b u t i o n  of t h e  
S w a v e s  and  P w a v e  to t he  r i g h t  s i d e  of eq. 
(6),  a n d  O d e n o t e s  t h e  H e a v i s i d e  f u n c t i o n .  T h e  
c u t o f f  p a r a m e t e r  h m u s t  b e  f i n i t e  in  o r d e r  f o r  
t h e  N / D  e q u a t i o n s  to  p o s e s s  s o l u t i o n s  [4]. T h i s  
t e r m  i n v o l v i n g  t h e  6 - f u n c t i o n  on  t h e  r i g h t  s i d e  
of eq. (11) i s  s i m p l y  i n t e n d e d  to  a p p r o x i m a t e  
t h e  d i f f e r e n c e  b e t w e e n  imA(1)  1 and  
~(v) O(v-A).  

F o r  t he  i npu t  w h i c h  d e t e r m i n e s  ~ (v),  we u s e  
t h e  S w a v e s  a n d  P w a v e  d e s c r i b e d  e a r l i e r ,  i n  
c o n n e c t i o n  w i t h  t a b l e  1 $$. T h e  r e s u l t i n g  ~ (v) 
i s  d i s p l a y e d  in  f ig.  1. S i n c e  t he  fo r e s o n a n c e  
o c c u r s  a t  v = 20,  D - w a v e  c o n t r i b u t i o n s  to  t he  
r i g h t  s i d e  of eq. (6) wou ld  b e  n e g l i g i b l e  f o r  
-17  < v < - 1 5 5 5 .  T h u s  ~(v) i s  a n  e x c e l l e n t  
a p p r o x i m a t i o n  to  ImA(1)  i f o r  -9  < v < -1 ,  and  
m a y  b e  a good a p p r o x i m a t i o n  f o r  -17 < v < -9.  

Upon  u s i n g  eqs .  (Sa) a n d  (8b) w i t h  t a l b e  1 to  
d e t e r m i n e  ~? a n d  g a s  f u n c t i o n s  of A,  we f ind  
t h a t  P-< -9  i f  a n d  on ly  i f  - 7 3 <  A < -10.  
We  a l s o  f ind  t h a t  eq. (8c) i s  s a t i s f i e d  e x a c t l y  
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Fig. 1. Net contr ibut ion of S waves and P wave to the 
r ight  side of eq. (6) for  ImA(1) 1. Also indicated a re  
the two sets  of values used for  the cutoff p a r a m e t e r  

A and the pole posi t ion P. 

i f  A = -12  o r  -70 ,  a n d  i s  s a t i s f i e d  w i t h t i n  0.5% 
if -73  < A < -11.  

To  o b t a i n  a t e s t  of t h e  d i s t a n t  l e f t  cu t  w h i c h  
i s  m o r e  s e n s i t i v e  t h a n  eq. (8c) ,  we e v a l u a t e  
t he  r i g h t  s i d e  of eq. (7) a t  v = -9 ,  t h e r e b y  
o b t a i n i n g  

-1 
P f d  v I m A ( 1 ) l ( v )  : 0 .015  (12) 

_~ v(v+ q) 

W e  f ind  t h a t  eq. (12) i s  s a t i s f i e d  e x a c t l y  if  
A = -13  o r  -67 ,  bu t  i s  v i o l a t e d  by  a t  l e a s t  10% 
if  A d e v i a t e s  f r o m  e i t h e r  of t h e  a f o r e m e n t i o n e d  
v a l u e  by  a s  m u c h  a s  10%. W i t h  A = -13 ,  P- = : 33 
a n d  ~7 = 50 ;  w i t h  A = -67 ,  P- = -17  a n d  ~? = 2.0.  

We  h a v e  c o n s t r u c t e d  s o l u t i o n s  to  t he  N / D  
e q u a t i o n s  u s i n g  b o t h  of t h e  a f o r e m e n t i o n e d  s e t s  
of v a l u e s  f o r  A,  y a n d  ~7; a s  m i g h t  b e  e x p e c t e d ,  
t h e  r e s u l t s  a r e  i n s e n s i t i v e  to  w h i c h  s e t  we u se .  
W e  h a v e  a s s u m e d  thatl R 1  = 1 to a l l  e n e r g i e s ,  a n d  
a l t e r n a t i v e l y ,  R~ = 6 .5  a b o v e  1 GeV.  In  t h a t  
n e i t h e r  c a s e  d o e s  6~ "show any  t e n d e n c y  to r e s o -  
n a t e ,  a t  any  e n e r g y .  W i t h  R i = 1, 6 1 r e m a i n s  
l e s s  t h a n  7 ° b e l o w  1 GeV,  a n d  l e s s  t h a n  17 ° 
b e l o w  2 GeV. W i t h  R t = 0 .5  a b o v e  1 GeV,  51 
r e m a i n s  l e s s  t h a n  12 ° b e l o w  1 GeV,  a n d  l e s s  t h a n  

~'~ It is  essen t ia l  that one use the same S wave and 
P wave in de te rmin ing  ~(v) as a re  used on the 
r ight  s ides of eq. (Sa-c); o therwise ,  one may make 
se r ious  e r r o r s  when es t imat ing  the s t rength  of 
the d is tant  left cut. 

"~'~J" If one a s sumes  mf = 1260 MeV, r f  = 125 MeV, 
and r e p r e s e n t s  the fo contr ibut ion to ImA(2) 0 by 
a Bre i t -Wigne r  fo rmula  with c o r r e c t  threshold  
behavior***,  then the fo contr ibut ion to the r ight  
side of eq. (6) is  sma l l e r  than 0.001 for 
-9 < v < -1,  is  sma l l e r  than 0.005 for  -13 < v < -9, 
and is sma l l e r  than 0.05 for  -17 < v < -13. 
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36 ° b e l o w  2 GeV $. 
F r o m  the  p r e c e d i n g  a n a l y s i s ,  we  c o n c l u d e  

tha t  t he  le f t  cut  of A(-1) 1 i s  too  w e a k  to  g e n e r a t e  
a r e s o n a n c e  w h e n  e l a s t i c  u n i t a r i t y  is  a s s u m e d ,  
and  a l s o  w h e n  the  p o s s i b i l i t y  of s u b s t a n t i a l  i n e -  
l a s t i c i t y  i s  t a k e n  r o u g h l y  in to  accoun t .  An e l e m -  
e n t a r y  p s e e m s  i m p l a u s i b l e ,  so  we  c o n c l u d e  tha t  
t h e  p r e s o n a n c e  i s  due  e i t h e r  t o  p r e s e n t l y  u n -  
known  d e t a i l s  of t he  i n e l a s t i c i t y ,  o r  to  a bound  
s t a t e  in  s o m e  c h a n n e l  other  t h a n  the  ~ruP wave .  

We r e m a r k  t h a t  C o l l i n s ,  J o h n s o n  and  
S q u i r e s  [11] h a v e  g i v e n  a r a t h e r  g e n e r a l  a r g u m e n t  
a g a i n s t  t h e  v a l i d i t y  of any b o o t s t r a p  w h i c h  
d o e s  not  i n c l u d e  v e r y  h e a v y  p a r t i c l e s .  T h e i r  
a r g u m e n t  i s  b a s e d  on t h e  o b s e r v a t i o n  tha t  t he  
R e g g e  r e c u r r e n c e s  of t h e  p and  A 2 m e s o s n s  a r e  
too  n a r r o w  f o r  l i n e a r l y  r i s i n g  t r a j e c t o r i e s  to be  
c o n s i s t e n t  wi th  o n c e - s u b s t r a c t e d  d i s p e r s i o n  
r e l a t i o n s  f o r  t he  t r a j e c t o r i e s ,  u n l e s s  the  
known  m e s o n s  a r e  bound  s t a t e s  of v e r y  h e a v y  
p a r t i c l e s  $$. I t  i s  s o m e w h a t  d i f f i cu l t  to  c o m p a r e  
t h e  a n a l y s i s  of r e f .  [17] w i th  tha t  of the  p r e s e n t  
p a p e r ,  bu t  t he  r e s u l t s  h a v e  an  abv ious  s i m i l a r i t y .  

As  f o r  the  p o s s i b i l i t y  t ha t  t h e  p i s  a bound  
s t a t e  in  s o m e  o t h e r  c h a n n e l ,  Ba l l ,  Sco t t i  and  
Wong [12] have  a r g u e d  t h a t  i t  i s  a bound  s t a t e  
of the  N]~ s y s t e m .  T h i s  c o n j e c t u r e  r e c e i v e s  
s o m e  s u p p o r t  f o r m  w o r k  by M a n d e l s t a m  [13]. 
A n o t h e r  i n t e r e s t i n g  p o s s i b i l i t y  i s  t ha t  a l l  m e s o n s  
m a y  be  bound  s t a t e s  of p h y s i c a l  q u a r k s  [14]. 

and right cuts in eq. (9) by aL and aR, respect ively ,  
and the contributions to A (1)1 from left and right 
cuts in eq. (5) b y A L  andAR, respect ively .  Kang 
and Lee [1] impose the Weinberg value a l  = 0.038, 
but their  p is so broad ( r n >  300 MeV) that aR = 
0.086. Thus a L = -0.048 iX their  model,  whereas  
eq. (8a) and table 1 indicate that aL should equal 
about 0.01. The value of Kang and Lee [1] for 
A L is negative between threshold and 850 MeV, 
but becomes  positive and sa t i s f iesA L > 0.55 above 
1.4 GeV, A L > 1.1 above 2 GeV, and AL>2.0 
above 5 Gey. Since unitarity implies  that ReA(1) 1 
<~(1+  1/v)~, the value of Kang and Lee [1] for 
A kt must  be such that ReAR < 0 above 1.4 GeV, 
ReAR < -0.6 above 2 GeV, and ReAR < -1.5 above 
5 GeV. This behavior of ReA R requi res  a r e s o -  
nance below 1.4 GeV, and the detai ls  of Kang and 
Lee [1] are such that a broad p occurs  at 771 MeV. 
However, our p resen t  model for the left cut is 
such that A L r i s e s  monotonically f rom zero at 
threshold to only 0.2 at 2 GeV and 0.4 at 5 GeV, 
and that is  why our solutions for A(1) 1 do not r e so -  
nate. ( F o r  a detailed critique of Kang and Lee, 
see Tryon [1].) 

:~:~ The cr i te r ion  for "very heavy" is  that the sum of 
the r e s t  m a s s e s  of the consti tuents of the mesons  
on the p and A 2 t ra jec to r ies  must  be comparable 
to or g rea te r  than the  m a s s e s  of the heaviest  
known mesons  on these t ra jec tor ies .  Assuming 
that the T(2200) and U(2380) measons  are r e c u r r e n -  
ces  of the pand  A2, respect ively ,  we see that the 
NN system marginally sa t i s f ies  this cr i ter ion.  
Since the mass  (indeed, the existence) of a physical 
quark has not yet been establ ished,  it is  obvious 
that a q~t pair  could also satisfy this cr i ter ion.  

I t  i s  a p l e a s u r e  to  a c k n o w l e d g e  i n f o r m a t i v e  
d i s c u s s i o n s  wi th  Dr .  G r a h a m  Shaw. 

$ To understand the fact  that so many other  authors 
have obtained p resonances  f rom N/D equations, 
it is  helpful to keep two points in mind. F i r s t ,  
very few authors have claimed that a p resonance 
is implied by what is  known about the left cut of 
A(1) 1. Instead, most  authors have made the much 
weaker claim that it i s  possible to obtain a p with- 
out violating any of the cons t ra ins  which they 
imposed.  Second, the cons t ra ins  which other  
authors have imposed on the left cut of A(1) 1 are 
much weaker than the const ra in ts  implied by 
eqs.  (Sa-c) and (12). It is  also noteworthy that 
despite the considerable  f reedom which has been 
exerc i sed  by other  authors in choosing left cuts 
for A(1) 1, very few authors have been able to ob- 
tain a p with Fp<  250 MeV. An interes t ing 
example of the 'preceding points is  the 7rTr model 
of Kang and Lee [1]. They r ep re sen t  the left cuts 
of the S waves and P wave by a few poles,  and 
determine  the pole p a r a m e t e r s  by requiring that 
the resul t ing solutions to N/D equations satisfy 
the threshold conditions of Weinberg, the c ross ing  
conditions of Roskies,  and the inequalities of 
Martin. They also require that p and c resonances  
be generated.  To desc r ibe  fur ther  the left cut of 
A(171used by Kang and Lee [1], let us denote the 
contributions to a 1 f rom the in tegrals  over left 
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