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# v2_~ dv 
f ( i ~ )  = -~ v2 + #]2 " (7) 

If k 2 i s  r e w r i t t e n  a s  

k 2 = ~2/#]2 , (8) 

w h e r e  v i s  the  g rowth  r a t e  00 = iv ,  then  (3) a p p e a r s  
a s  

v2 ~ (9) 
~2/#]2 = -oo v 2 + dv#]2 " 

Both s i d e s  of (9) a r e  p lo t t ed  in f ig .  1. 

__ \ ~ F(#) 

\%, 
# 

Fig. 1. 

The  i n e q u a l i t i e s  which  a r e  d e p i c t e d  in f ig .  1 a r e  
ob ta ined  by  e x a m i n i n g  the a s y m p t o t i c  b e h a v i o u r  of 
F f o r  l a r g e  #], a c c o r d i n g  to which  

3 

It  f o l l ows  tha t  fo r  l a r g e  #] both k2 and the  f i r s t  d e r i -  
va t i ve  of k2 a r e  l a r g e r  than the  r e l a t e d  v a l u e s  of F 
ff ~2 > 1, which ,  in d i m e n s i o n a l  f o r m ,  a p p e a r s  a s  

V >  0~0 , 

whence  t h e r e  a r e  no so lu t i ons  f o r  v > o~ o and ~Oo 
r e p r e s e n t s  the  m a x i m u m  growth  r a t e  of t h e s e  i n -  
s t a b i l i t i e  s. 

A s  a conc lud ing  r e m a r k  we note  tha t  a l l  of t h e  
r e m a i n i n g  m o d e s  a r e  da mpe d .  The  e x a c t  f o r m s  a r e  
ob ta ined  by  cont inuing  F a n a l y t i c a l l y  in to  the  l ower  
ha l f  z -p l ane .  The  on ly  p h y s i c a l l y  r e l e v a n t  f a c t  
about  t h e s e  d a m p e d  m o d e s  i s  tha t  s o m e  of t hem 
p r o p a g a t e  (v iz . ,  the  r o o t s  tha t  l i e  off the  i m a g i n a r y  
ax i s ) .  
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Regge  po le  h y p o t h e s i s  1) p e r m i t s  one to ob ta in  the  a s y m p t o t i c  b e h a v i o u r  of d i f f e r e n t i a l  and t o t a l  c r o s s  
s e c t i o n s  in the  s channe l  fo r  high e n e r g y ,  by  a s s u m i n g  p a r t i c l e s  c o r r e s p o n d i n g  to the  t r a j e c t o r i e s  in the  
C h e w - F r a u t s c h i  d i a g r a m  2) be ing  exchanged  in the  t channe l  of the s a m e  r e a c t i o n .  The  high e n e r g y  b e -  
hav iou r  of v a r i o u s  t o t a l  c r o s s  s e c t i o n s  was  ob ta ined  in th i s  way by  Udgaonkar  3). Gr ibov  and P o m e r a n -  
chuk 4) have po in ted  out tha t  p o l a r i s a t i o n s  depend  on i n t e r f e r e n c e s  be tween  v a r i o u s  exchanged  t r a j e c t o r i e s ,  
thus  p r o v i d i n g  add i t i ona l  i n f o r m a t i o n  on the  t r a j e c t o r i e s  and t h e i r  coup l ings .  P o l a r i s a t i o n s  w e r e  ob ta ined  
by  H a r a  5) fo r  NN s c a t t e r i n g .  In th i s  p a p e r ,  e x p r e s s i o n s  fo r  the  p o l a r i s a t i o n s  a r e  p r e s e n t e d  fo r  ~N and 
KN, KN s c a t t e r i n g ,  t o g e t h e r  with d i f f e r e n t i a l  and to t a l  c r o s s  s e c t i o n s .  

Us ing  the g e n e r a l  f o r m  of the  s c a t t e r i n g  m a t r i x  fo r  a z e r o - s p i n  and a D i r a c  p a r t i c l e  6), we obta in  fo r  
the  d i f f e r e n t i a l  c r o s s  s e c t i o n ,  a s y m p t o t i c a l l y  fo r  s ~ oo 

at  ~ 4~-5 ]A + ~ s l  - ]AI2 ' 

* Supported in par t  by the Office of Naval Research,  U.S. Navy. 
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~nd l i k e w i s e  fo r  the p o l a r i s a t i o n  

P ~ ½ ~ I m B * A  - I A + ~  -4s  ; (2) 

the  o p t i c a l  t h e o r e m  f u r t h e r  g i v e s  

(y to t  
t t=0 

H e r e ,  rn i s  the  m a s s  of the  D i r a c  p a r t i c l e ,  s the  s q u a r e d  to t a l  c .m .  e n e r g y  in the  s channe l ,  and t i s  the  
s q u a r e d  m o m e n t u m  t r a n s f e r ,  r e l a t e d  to the s c a t t e r i n g  angle  by 

cos  O ~ 1 + (2 t / s )  . (4) 

The  p o l a r i s a t i o n  i s  given a long  the d i r e c t i o n  k '  × /(, w h e r e  k i s  the  m o m e n t u m  of the  i ncoming  a n d / ( '  that  
of the  outgoing b o s o m  The equa t ions  a r e  c o r r e c t  if t e r m s  of o r d e r  m 2 / s  a r e  neg l i g ib l e ;  It[ ha s  been  a s -  
s u m e d  to r e a c h  up to o r d e r  m 2. 

1. ~rp scat ter ing .  H e r e ,  the p o l a r i s a t i o n  i s  a l r e a d y  given i m p l i c i t l y  in re f .  1), the  c r o s s  s e c t i o n s  e x -  
p l i c i t l y .  F o r  e l a s t i c  s c a t t e r i n g ,  ~ :  + p - ~ + p,  one has  to r e p l a c e  

A - A + ~: A - , B - B+ :~ B - , 

f o r  c h a r g e  exchange  s c a t t e r i n g ,  ~-  + p ~ Tt ° + n,  

A - - J 2 A -  , B - - ~ f 2 B "  . 

F r o m  i s o t o p i c  sp in  and G p a r i t y  c o n s i d e r a t i o n s ,  only  the  
c o n t r i b u t e  to A +, B + and only  p (T = 1, G = +) to A - ,  B- .  

___{ e - i ' ~ P  ~ p  l + e - i ~ P '  ~ o ) ~ P '  
2m s{n ~(~p ~ o -  

(5) 

(6) 

P ,  P '  and A B C  t r a j e c t o r i e s  (T = 0, G = +) can 
One has  

1 + e- ' ABC I 
b d p '  + s i n  ~ - ~ A ~  ~oo ] bA ,AB C , (7) 

_ 1 + e -lrr(~P 
B+ = s in  ~ p  [ s \v~o) ~P-1 bB P 

1 + e -iyaP' s C~p,-I 1 + e -braABC ( s _] c~ABC-1 (8) 
bBp' - sin IrCiAB C \~o ] bB, ABC ' 

So 1 - e - i lraO ( S _~(~P 
A ' - 2 m  s m l r a p  \ T  o] bAp ' (9) 

B -  1 - e-i lr~P s a~)-i 
-sin l rap ( s  o ) bBp (10) 

The  ,vp(t), qp, ( t )  etc .  a r e  the  Regge  t r a j e c t o r i e s ,  and the b(t) a r e  unknown r e s i d u e  func t ions  of t .  A l l  a r e  
r e a l  a n a l y t i c  func t ions  7) with only r i g h t - h a n d  cu t s ,  thus  a r e  r e a l  fo r  the p h y s i c a l  v a l u e s  of t < 0. The 
quan t i t y  s o i s  an a r b i t r a r y  p a r a m e t e r  of d i m e n s i o n  ( m a s s )  2, u s u a l l y  t aken  a s  2m2,  o r  a s  2rn~, with 
t he  boson  m a s s .  

The  p o l a r i s a t i o n s  then depend  only on i n t e r f e r e n c e s  of d i f f e r e n t  t r a j e c t o r i e s  and behave  a s  * 

P -  S ~ P ' - ~ P  o r  ~ S ~  -~P , (11) 

if  the  P '  d o m i n a t e s  the p t r a j e c t o r y ,  o r  v i ce  v e r s a ;  in the  f o r m e r  c a s e ,  Pn+p and P~-p  have the s a m e  
s i g n ,  in the  l a t t e r ,  o p p o s i t e  s ign.  C h a r g e  exchange  s c a t t e r i n g  has  P = 0, a s  i t  depends  on one t r a j e c t o r y  
only .  The  t o t a l  c r o s s  s ec t i on  i s ,  wi th  bAi + bBi = el(t) 

( s _ ]  (~P ' (0)- I  ( s )  ~ABC(O)-I  ( s  , a p ( 0 ) - I  . 
=  do) + oF(o)  v g ]  +  ABc(O) •  p(O) ' (12) 

• Calling bA-i + bBi = ~i(t), xij = [¢i ~n  ~ i  - cj sin v~.j + ei cj sin ~(~i - aj)] (sin nu i sin ~ j ) - l ,  where ¢i is the s igna-  
ture of the i- th t ra jectory,  and 

- 

the polarisat ion may be rewrit ten as 

a24 
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f r o m  the e x p e r i m e n t a l  behav iou r  of the h i g h - e n e r g y  c r o s s  s ec t i ons ,  our  az~O) a r e  pos i t i ve  except  p e r h a p s  
fo r  the ABC p a r t i c l e .  E x p e r i m e n t s  give a l so  8) ap(0)  = 1, ap , (0 )  ~ ,~w(0) ~ 0.4,  r~p(0) ~ 0.3 and n A B S 0 ) < 0 ;  
f u r t h e r  Re (da~/dt) ~ m -2 fo r  t >/0. 

2. Kp andKp scattering. F o r  e l a s t i c  s c a t t e r i n g ,  K + + p - K ± + p ,  one m u s t  put  

A ~ A  ° ~ A  °_ + d '  , B ~  B~+:F B~_ + B '  , (13) 

for  charge exchange sca t te r ing ,  K- + p - ~o + n, 

A - - 2A' , B -  - 2 B ' .  (14) 

From isotopic spin, par i ty ,  and G par i ty  cons idera t ions ,  one has  the t r a j e c t o r i e s  P, F and ABC cont r i -  
buting to A ° (T = 0, G = +, par i ty  = +), ~o to A ° (T = 0, G = - ,  par i ty  = -) and p to A' (T = 1, G = +, pa r i t y  
= - ) .  Accordingly,  

s° II + e- ~ P  ( s ~ P  l + e - i~P '  ( s ~ P '  I + e - i~ABC ( s ~ABC 1 
A° = - 2-m sin p \So/ cAp + sin= gap, \Soo / cAp' + sin: ~ A B C  \~--o] CA,AB C , (15) 

B~+ = 1 ~ m  ~ P P +  e - i y ~ P  (7o) s ~p-1 CBp 1 ~ m ~ / ~  + e - i ~ P '  (~o)s ~ p , - 1  1 + e - i~ABC ( s ~ ~ABC-1 
- ~ : I ~ A B  C \Soo ] CB,ABC' (16) 

A o__ So 1 -  e - i ~ ¢ v  ( s ~ C v  
2m s m  ~ \Sol CA°~ ' - s i n  ~o~o~ C B ~  ' 

(17) 

A' So 1 - e  -i~r~p ( s  ] aP  B'  1 - e - i l r ~ P  (~o)~P -1 
= 2m sin ~ p  \~o ] CAp ' - sin ~CLp CBp (18) 

The  p o l a r i s a t i o n ,  aga in  depending only on i n t e r f e r e n c e s  be tween  d i f f e ren t  t r a j e c t o r i e s ,  behaves  a s  

P ~ S aP'-~P or  ~ S ~''~-~P or  ~ s~P -~P , (19) 

depending on whe the r  P', ~ o r  p l ie c l o s e s t  to P .  Again PK+p and P K - p  have  the s a m e  sign in the f i r s t  
c a s e ,  oppos i t e  sign in the two l a t t e r  c a s e s ,  and t h e r e  i s  no p o l a r i s a t i o n  in c h a r g e  exchange s c a t t e r i n g .  
The to ta l  c r o s s  sec t ion  i s ,  with CAi + CBi = o~i (t ) 

ag+pt°t = __crK(0) + ¢rp,(0)K ( ~ _ ) a p , ( 0 ) - I  +~ABc(O)K ~\_~o ] s  ~ ~ABC(O)-I ~ ( O ) ~ o ) K  "s "~w(0)-I  + crK(0) ~ o  ) ( s  . a p ( 0 ) - I  (20) 

and the s a m e  r e m a r k  app l i e s  a s  a f t e r  eq. (12), excep t  p e r h a p s  f o r  the ABC and p p a r t i c l e s ,  

I wish  to thank P r o f e s s o r  L. W. J o n e s  and P r o f e s s o r  M. L. P e r l  f o r  d i s c u s s i o n s .  
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