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7rN ampli tudes ,  as far  as they have been deduced, are used with an absorbed Reggeon exchange model to 
obtain ampli tudes at l a rge r  -t  with specified phases .  Thus,  sa t i s fac tory  pe r iphe ra l  amplitudes are  found. 
The phase behavior  of the diffract ion amplitude is discussed.  

On the  b a s i s  of s m a l l  - t  vN d a t a  a t  5 -6  G e V / c  
and  be low,  a m p l i t u d e  a n a l y s e s  h a v e  b e e n  m a d e  
[1]. T h e  a v a i l a b i l i t y  of a m p l i t u d e s  c h a n g e s  the  
t a s k  of the  p h e n o m o l o g i s t .  T h e  q u e s t i o n  we s h a l l  
e x a m i n e  i s  w h e t h e r  t h e s e  vN a m p l i t u d e s ,  a s  f a r  
in  - t  a s  they  h a v e  b e e n  d e t e r m i n e d ,  c a n  be  c o n -  
s i s t e n t  w i th  p e r i p h e r a l  a m p l i t u d e s .  A s t r o n g l y  
a b s o r b e d  R e g g e o n  e x c h a n g e  m o d e l  i s  u s e d  in  a 
n a t u r a l  way to c o n s t r u c t  the  l a t t e r  a m p l i t u d e s .  

C o n s i d e r  

n - p ~ 7 ; - p ,  ~7+p~v+p,  ~ - p ~ v - n  ( 1 , 2 , 3 )  

a n d  the  m e a s u r e m e n t s  

d¢r d~ 
d t  (1) - ~ ( 2 ) ,  P(1)  - P(2) ,  P(3) .  (4, 5, 6) 

T h e r e  a r e  f o u r  a m p l i t u d e s  Ain (t) w h e r e  I = 0, 1 
i s  the  i s o s p i n  e x c h a n g e  a n d  n = 0, 1 i n d i c a t e s  s -  
c h a n n e l  h e l i c t t y  n o n - f l i p  a n d  f l ip  r e s p e c t i v e l y .  
T h e  p h a s e s  of Ain a r e  5in 

Al l  t he  a m p l i t u d e s  a s i d e  f r o m  a c o m m o n p h a s e  
h a v e  b e e n  d e t e r m i n e d  by H a l z e n  and  M i c h a e l  a t  
6 G e V / c  f o r  -t < 0.65.  F r o m  d i s p e r s i o n  r e l a t i o n s  
s o m e  i n f o r m a t i o n  on  the  p h a s e  500 h a s  b e e n  o b -  
t a i n e d :  

5 0 0 ( t =  0) ~ ~rrl + 0 .2 ,  

dcr00(t = 0) ~ 1.3 + 0.5 ,  (7) 
d t  

600 = ½~ a t  s o m e t  ( 0 . 8 < ~ - t < ~ l . 0 ) .  

T h e  t h i r d  c o n d i t i o n  i s  not  v e r y  c o m p e l l i n g .  I n -  
s p e c t i o n  of fig.  1 show t h e s e  a m p l i t u d e s  r o u g h l y  
in t h i s  t r a n g e .  T h e  c r u c i a l  r e s u l t  i m p l i e d  by  

* Supported in par t  by the U. S. Atomic Energy Com- 
miss ion.  
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Fig . l .  Argand diagram for the ampli tudes calculated as 
d iscussed  in text. The dots are a t - t  0, 0.2, 0.4, 0.6, 
0.8 on each locus. Points with e r r o r s  were deduced 
from exper iment  by Halzen and Michael (ref.[1]) and 
are for A10 a t - t  0, 0.25 (marked by an x on theory 
curve) and 0.5, and for  A l l  a t - t  0.125 (marked by 
x o n  theory curve) and 0.375. (At 0.6 the point is e s -  

sential ly at the or igin . )  

new c h a r g e  e x c h a n g e  p o l a r i z a t i o n  m e a s u r e m e n t  
[2] i s  t h a t  the  a m p l i t u d e s  m o v e  c l o d k w t s e  by the  
o r i g i n  wi th  - t .  
A b s o r p t i o n  m o d e l s  h a v e  p r e d i c t e d  c o u n t e r - c l o c k -  
w i s e  m o t i o n  in - t  of R e g g e o n  e x c h a n g e  a m p l i -  
t u d e s  in  the  c o m p l e x  p l a n e  [3]. T h i s  d i r e c t i o n  of 
m o t i o n  d e p e n d s  on the  s i g n  of the  s m a l l  " o r t h o g -  
o n a l "  p a r t  of t he  a m p l i t u d e  n e a r  the  m i n i m u m  in 
I AI. C o u n t e r - c l o c k w i s e  b e h a v i o u r  i s  p r e d i c t e d  

u n a m b i g u o u s l y  by  t he  a b s o r p t i o n  f o r m u l a  ( p a r -  
t i a l  wage  j )  

A( j )  = B 0 )  S(j)  (8) 
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where the amplitude is the product of the Born 
(Regge pole) amplitude and real transmission 
factor S. Similarly a band of single level reson- 
ances* implies counter-clockwise behaviour. We 
take A00 as inferred from Phillips and Ringland, 
Hbhler and Jakob and the assumption thatA 01 is 
small and write 

A00 < i(exp (0.25i) exp {(3.5 - 1.7i)t} + 

+ 0.15 exp {(1.3 + 1.5i)t} - 0.3i exp (0.3t)), 

(9) 
(there is leeway in certain of these parameters) 
and we take the absorption factor in (8) to be 

S = 1 + i},A00 I M A 0 0 ( b :  0)o (10) 

T h e  p a r t i c u l a r  c u r v e s  f o r  Aln  shown  in f ig.1 w e r e  
o b t a i n e d  wi th  }'non flip = kflip = 1.0 and  a p R e g -  
geon  " c h o o s i n g  s i m p l i c i t y "  (no w r o n g  s i g n a t u r e  
z e r o )  wi th  ~ '  - 1.0,  l i n e a r  t r a j e c t o r y  t h r o u g h  the  
p, and  So - 0.3. T h e  r e s u l t  s h o w n  i s  a s a m p l e ;  
i t  i s  s n e s i t i v e  to A00.  No c a r e f u l  p a r a m e t e r  
s e a r c h  h a s  b e e n  m a d e .  S i m i l a r  r e s u l t s  a r e  e a s i -  
ly o b t a i n e d  wi th  o t h e r  p o l e  a m p l i t u d e s ,  d i f f e r e n t  
a b s o r p t i o n  p r e s c r i p t i o n s  (10), and  d i f f e r e n t  A 00  
a t  l a r g e r  - t [ 4 ] .  In  the  p r e s e n t  c a l c u l a t i o n  t he  
l a r g e  - t  t e r m  i n t r o d u c e d  in (9) is  an  e x e r c i s e  to 
m a k e  the  A 1 ~ m o r e  p e r i p h e r a l .  

I t  i s  of i n t e r e s t  t h a t  wi th  t h e s e  p a h s e s  t he  
c r o s s - o v e r  in  (4) o c c u r s  at  s u b s t a n t i a l l y  s m a l l e r  
- t  t h a n  the  m i n i m u m  in [A 10[ and  t h a t  the  dip in 
the  e l a s t i c  p o l a r i z a t i o n  d i f f e r e n c e  (5) i s  no t  
qu i t e  a doub le  z e r o  but  i n v o l v e s  a c h a n g e  in s i gn  
w i th  p o l a r i z a t i o n  r i s i n g  to r o u g h l y  0 .05,  s e e  f ig.  
2. T h e  b e h a v i o r  of sin(~}00 - 611) i s  due  in p a r t  
to the  m o t i o n  of 500. 

The  l : h a s e  of S i n t r o d u c e d  h e r e  m a y  app ly  a t  
low e n e r g y  only .  If so,  o u r  d i s c u s s i o n  i s  c l o s e l y  
r e l a t e d  to the  c a l c u l a t i o n  of Hong T u a n  et  a l . [5]  
w h e r e  a s u c c e s s f u l  d e s c r i p t i o n  i s  o b t a i n e d  wi th  a 
a l a r g e  pf cut .  In  t h i s  c a s e ,  (6) m o v e s  to n e g a -  
t i ve  v a l u e s  for  0.2 <~ - t £  0.5 a t  h igh  e n e r g y .  In 
t h i s  c a s e  we a r e  u n c e r t a i n  a s  to the  h igh  e n e r g y  
f o r m  of A00 .  In p a r t i c u l a r ,  t he  i m a g i n a r y  p a r t  
cou ld  c h a n g e  s i g n  n e a r  t = -0 ,7  r a t h e r  t h a n  the  
a m p l i t u d e  m o v i n g  in to  the  f i r s t  q u a d r a n t  a s  
s h o w n  in f ig .1 .  T h e  doub le  z e r o  in (5) n e a r  t = 
-0 .6  f o l l ows  in e i t h e r  e a s e ,  but  if I m  A00  
c h a n g e s  s ign  t h e r e  wi l l  be  a s e c o n d  c r o s s  o v e r ,  

* Resonance concentrated in a band in j near  j kr 
with r some suitable radius .  
If s t rong absorpt ion,  e.g., ref. [7] is taken ser iously  
the var ia t ion in the real  par t  of A00 cannot be main-  
l y i n  the f, since from the la t te r  we expect a rapidly 
increas ing  r e a l p a r t  n e a r - I  0.2. I would like to 
thank G. Kane for pointing this out. 
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Fig.2. The difference in elast ic  polarizat ion,  exhibit ing 
the approximate  double zero.  The sharp  peaking near  
0.85 is p a r a m e t e r  sensi t ive  and not cha rac t e r i s t i c  of 

the model. The data are from ref. []2]. 

i.e. in (4), at -t ~ 0.7 for which there is no evi- 
dence at present. It seems more palatable that 
the phase of A00 used here continues to be valid 
at higher energies. 

If the part of A00 which is leading in s has 
rapidly increasing phase with -! at small -t and 
rapidly decreasing phase with -t at moderate -t, 
we should find connections with s dependence, 
and with spatial range dependence. If the s de- 
pendence enters through power law and log s, and 
phase through in(s's0) i. we see -~ir,, that shrink- 
age (a decreasing aeff(t) with -t), should be as- 
sociated with increasing phase, and vice versa. 
However the relative role of power and log de- 
pendencies at a given s is unknown, so that this 
relation is not necessarily valid at a given s. It 
is tempting to speculate that at large range there 
i s  an  e x p a n s i o n  in r a n g e  wi th  s ,  r e s u l t i n g  in 
s h r i n k a g e  fo r  s m a l l  - t .  T h i s  i s  the  c u s t o m a r y  
b e h a v i o r  a s s o c i a t e d  wi th  R e g g e o n  e x c h a n g e  and  
wi th  m u l t i p e r i p h e r a l  p r o c e s s e s .  H o w e v e r  it i s  
l i ke ly  t h a t  the  m a i n  d i f f r a c t i v e  p r o e e s s  y i e l d i n g  
m o s t  of the  t o t a l  c r o s s  s e c t i o n  a r e  a s s o c i a t e d  
wi th  s h o r t e r  r a n g e .  H e r e  the  m u l t i p e r i p h e r a l  
i d e a s  a r e  i n v a l i d [ 6 ] .  T h e r e  c o u l d  be  c o r r e l a t i o n s  
in p a r t i c l e  p r o d u e t i o n  l e a d i n g  to s h r i n k a g e  in 
r a n g e ,  and  to e x p a n s i o n  in - t  a t  s o m e  s .  

Le t  u s  c o n c l u d e  wi th  r e m a r k s  on the  g e n e r a l  
s t a t u s  of a b s o r b e d  R e g g e o n  e x e h a n g e .  A c o n t r o -  
v e r s i a l  q u e s t i o n  h a s  b e e n  the  s t r u c t u r e  of the  
p o l e  a m p l i t u d e s  (i .e.  B o r n  t e r m s ) ;  e s p e c i a l l y  do 
they  h a v e  n o n s e n s e - w r o n g - s i g n a t u r e  and  p o s -  
s i b l y  w r o n g - s i g n a t u r e  z e r o s ?  Second ,  i s  the  
s t r e n g t h  of a b s o r p t i o n  s t a n d a r d ?  I n c r e a s i n g  e x -  
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p e r i m e n t a l  e v i d e n c e  f o r  f a i r l y  s t r o n g  a b s o r p t i o n  
in u = 0 a m p l i t u d e s  [7] l e a d s  u s  to b e l i e v e  t h a t  
the  f o r m  of t he  B o r n  t e r m s  m a y  not  be  a c r u c i a l  
q u e s t i o n  a t  t h i s  t i m e  (i .e .  t h e  B o r n  t e r m s  d e t a i l s  
a r e  o b s c u r e d  by the  s t r e n g t h  of a b s o r p t i o n  and  
the  I aek  of a n  a c c u r a t e  a b s o r p t i o n  m o d e l ) .  T h e  
q u e s t i o n s  f a c i n g  a b s o r b e d  R e g g e o n  e x c h a n g e  a r e  
now b e i n g  c h a n g e d  in  e m p h a s i s  in to :  

a) A r e  a l l  t he  R e g g e o n  e x c h a n g e  a m p l i t u d e s  
p e r i p h e r a l ?  * W h e r e  e x t e n s i v e  da t a  a r e  a v a i l a -  
b l e ,  a s  in  vN e l a s t i c ,  i t  i s  b e c o m i n g  p o s s i b l e  to 
a p p r o a c h  t h i s  q u e s t i o n  d e d u c t i v e l y .  

b) I s  t h e r e  an  e f f i c i e n t  q u a n t i t a t i v e  a b s o r p t i o n  
m o d e l  ( i .e .  w i th  v e r y  few p a r a m e t e r s ) ?  

On po in t  (a), if R e g g e o n  e x c h a n g e  and  a b s o r p -  
t i o n  a r e  p h y s i c a l  p r o c e s s e s ,  a s  in  low e n e r g y  
n u c l e a r  p h y s i c s ,  we e x p e c t  the  a m p l i t u d e s  to  b e  
p e r i p h e r a l .  M o r e  a c c u r a t e l y ,  s i n c e  p a r t i c l e -  
p a r t i c l e  s c a t t e r i n g  i s  p r o b a b I y  not  v e r y  opaque  
at b = 0, we s h o u l d  d e m a n d  p e r i p h e r a l i t y  of t he  
a m p l i t u d e  p r o j e c t e d  on to  the  l i ne  w i th  p h a s e  5 on  
w h i c h  t he  low - t  a m p l i t u d e  i s  c o n c e n t r a t e d ,  i .e .  
ldl~(t) I c o s  (51n - 51n) i s  p e r i p h e r a l .  T he  
s m a l l  o r t h o g o n a l  p a r t  n e e d  no t  be .  I t  i s  of i n t e r -  
e s t  t h a t  q u a l i t a t i v e  p e r i p h e r a l t t y  of ~ = 0, 1 a m p l i -  
t u d e s  c a n  be  d i s t i n g u i s h e d  f r o m  n o n - p e r i p h e r a l i t y  
r a t h e r  e a s i l y :  a s  a z e r o t h  a p p r o x i m a t i o n  p e r i -  
p h e r a l i s m  i m p l t e s  a n  o s c i l l a t i n g  a m p l i t u d e  
Jn(b~/~-l), b o ~ 1 fm ,  m o v i n g  on a l i ne  of r o u g h l y  
f i xed  p h a s e  [7]. In m o r e  d e t a i l ,  we e x p e c t  s o m e  
p r e c e s s i o n  t h r o u g h  p o s i t i v e  p h a s e  w i th  i n c r e a s -  
ing  - t  due to the  m o t i o n  of the  u n d e r l y i n g  R e g g e  
po l e ,  and  t h e r e  m a y  b e  a s m a l l  a m p l i t u d e  o r -  
t h o g o n a l  to the  z e r o t h  a p p r o x i m a t i o n  w h i c h  we 
h a v e  s e e n  can  b e  on the  c l o c k w i s e  s i de  of the  
o r i g i n .  To s e e  i n s p e c t i o n  if a n  a m p l i t u d e  is  p e -  
r i p h e r a l ,  e x a m i n e  i t  in the  c o m p l e x  p l a n e :  c h e c k  
t h a t  i t  p a s s e s  n e a r  the  o r i g i n  n e a r  the  f i r s t  z e r o  
of Jn(boff--t, b o ~ 1 fro,  and  e x a m i n e  the  p r o j e c t i o n  
on an  a x i s  w i th  p h a s e  5 a l o n g  w h i c h  the  s m a l l  - t  
p a r t  of the  a m p l i t u d e  t e n d s  to l i e ,  e . g . ,  r o u g h l y  
35 ° a n d  50 ° f o r  n = 0 a n d  1 p e x c h a n g e .  It  i s  p e -  
r i p h e r a l  if t he  a v e r a g e  fdtA(t) i s  s m a l l ,  e .g . ,  if 

*Strong absorpt ion means  that the weighted amplitude 
btM(b)I is peaked for b ~ 5 and is  an order  of magni-  
tude sma l l e r  than the input pole for smal l  b say b ~ 1. 
But we need a concept without r e fe rence  to the input 
pole amplitude.  For  n - 0 we expect the magnitude ot 
the unweighted pole amplitude to dec rease  close to an 
o rde r  of magnitude from b = I to b = ,5. so let me c~e- 
fine a s t rongly pe r iphera l  ampti tude,b [M(b)], as 
peaked at b ~  5 and an o rde r  of magnitude s m a l l e r a t  
b -  1. For  n = 1 this eond i t ion i s  not very powerful; it 
is more  difficult  to decide if an empir ica l ly  de termined  
n 1 amplitude is per iphera l .  For  n >1 any reasonable  
amplitude is s trongly per iphera l  and no fu r ther  tes t  of 
per iphera l i ty  is in pract ice  possible.  
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Fig 3 Impact p a r a m e t e r  d is t r ibut ions  for the ampli tudes 
A1 n cos(SDz- 61n) with 510 = 350 and 611 = 50 ° "~ 7r. 

ReAln and 1mAin are  also shown. The units of b are 
GeV-1. 

the  i n t e g r a t i o n  i n v o l v e s  c o n s i d e r a b l e  c a n c e l l a t i o n .  
F o r t u n a t e l y ,  the  m a g n i t u d e  of h igh  e n e r g y  a m p l i -  
t u d e s  f a l l s  so r a p i d l y  wi th  - t  t h a t  the  f i r s t  two 
m a x i m a  t e l l  t he  who le  s t o r y .  The  A 1~, (b) a m p l i -  
t u d e s  c o r r e s p o n d i n g  to t he  A l n ( / )  in f ig .1 a r e  
s h o w n  in fig.3 and  a r e  s e e n  to be  p e r i p h e r a l .  
T h i s  p i c t u r e  i s  to be  c o n t r a s t e d  wi th  two o t h e r s :  
c e r t a i n  a n a l y t t e i t y  a r g u m e n t s  m a y  s u g g e s t  t h a t  
r e a l  p a r t s  a r e  n o n - p e r i p h e r a l  [8], a s  a r g u e d  by 
H a r a r i  and  H e n z i  [9]. A n o t h e r  p o s s i b i l i t y  i s  t h a t  
on ly  ,z = 0 a m p l i t u d e s  a r e  s t r o n g l y  p e r i p h e r a l ,  
a s  s u g g e s t e d  by C o h e n - T a n n o u d j i  [10].  T h e  d a t a  
c a n  be  a n a l y z e d  in w a y s  to m a k e  any  of t h e s e  
three p o s s i b i l i t i e s  c o h ~ i s t e n t  wi th  e x p e r i m e n t  a t  
p r e s e n t .  

On p o i n t  (b) we no te  t h a t  the  a d v a n t a g e  of the  
s t r o n g  a b s o r p t i o n  m o d e l  f o r  R e g g e o n  e x c h a n g e  
in w h i c h  a l l  a m p l i t u d e s  a r e  s t r o n g l y  p e r i p h e r a l ,  
h a s  b e e n  t h a t  i t  i s  a g e n e r a l  m o d e l  a p p l y i n g  to 
a l l  t w o - b o d y  r e a c t i o n s  i n c l u d i n g  t h o s e  of h i g h e r  
s p i n [ I l l .  Two d e t a i l e d  m o d i f i c a t i o n s  of t h i s  a b -  
s o r p t i o n  p r e s c r i p t i o n  h a v e  b e e n  p r o p o s e d :  t ha t  
of t h i s  l e t t e r  and  a r a d i u s  p a r a m e t e r t z a t t o n  [7]. 
I t  i s  no t  c l e a r  t h a t  t he  e x c e s s i v e l y  l a r g e  n u m b e r  
of p a r a m e t e r s  of t h i s  m o d e l  wou ld  be  r e m o v e d .  

I wou ld  l ike  to t h a n k  D r s .  G. K a n e ,  K. M o r t -  
a r t y ,  G. R i n g l a n d  and  D. P. Roy fo r  he lp fu l  c o m -  
m e n t s ,  and  e s p e c i a l l y  Dr .  B r i a n  H a r t l y  f o r  c a l -  
c u l a t i o n s .  I would  l ike  to t h a n k  I m p e r i a l  C o l l e g e  
and  W e s t f i e l d  C o l l e g e  fo r  t h e i r  h o s p i t a l i t y  and  
a s s i s t a n c e .  I would  l ike  to t h a n k  R. Ke l ly  f o r  i n -  
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formation on a very interesting amplitude anal- 
ysis  (in progress)  by R. Cutokosky and himself. 
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