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C E R N - M u n l o h  C o l l a b o r a t i o n

P r e s e n t e d  b y  G . L u t e

P r e l i m i n a r y  r e s u l t s  f r o m  a  h i g h  s t a t l s t l o a  

m e a s u r e m e n t s  ( / / M  e v e n t s )  o f  t h e  r e a c t i o n  

Jl ' p  -*■ П  Tit .f f . ’  o n  a  p o l a r i s e d  t a r g e t  a t  1 7 * 2  (?eV 

s h o w  u n e x p e c t e d  s t r o n g  n u o i e o n  p o l a r i z a t i o n  

e f f e c t s  w h l o h  m u s t b e  a t t r i b u t e d  t o  a m p l i t u d e s  

c o r r e s p o n d i n g  t o  / ^ e x c h a n g e .  T h e  e v l d e n o e  is
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P l g . l .  M a s s  d e p e n d e n c e  o f  U n n o r m a l l z e d  m o m e n ta

<cc± f  4o > (- '1ctlHclk 0 '  J/-
i-e^on 'C.Ci с

s h o w n  l n  f l g > l ,  « h e r e  t h e  h e l l c l t y  z e r o  m o m e n ts  

o f  a n g u l a r  d i s t r i b u t i o n  f o r  l o o *  t r a n s v e r s e l y  

p o l a r i z e d  p r o t o n s  a r e  g i v e n  a s  f u n c t i o n  o f  

t h e  m a s s  o f  t h e  p i o n  p a i r .  S m a l l  f o u r  m o m entum  

t r a n s f e r  t o  t h e  n u c l e o n s  ( 0 . 0 1  O e V 2 )  h a s

b e e n  s e l e o t e d .  T h e  s p h e r l o a l  h a r m o n ie s  Vo a r e



expressed in th* ir ohannel (or Gottfrl*d-jaokson) 
angles of the Jl~ у  is th* angle between th* 
noreale to th* production plan* ( Ph * РбеаоО 
and the (transfers*) polarisation direotion of 
the target. There is a preliminary uncertainty 
of 25* between the polarisation dependent mo- 
■ents 4cc.\p KeY^obtalned in this experiment and 
th* polarisation Independent moments < R e  V 
taken from the hydrogen experiment^1/.

Supprlslng is the large sice of the polari
sation dependent moments in this t-rang* which 
was supposed to be dominated by one pion exchange 
and should therefore show little or no nucleon 
polarisation effect. for the left-r<gL'>.-aeymmetry 
whioh ls given by the ratio of the moments
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Fig.2. t-dependenoe ofj iCross section and normalised moments
< i c >  ' f and < ( C i  ̂ / Н е >
for the j>-sass region '.’’3 > «' nr <. .03)
2<'л:* 'iT -> - 7,> ono obtains0.35 ln th* 
jp muss region.

Th* оооигеоое of ̂ Cos'i- №  moments re
quires the simultaneous presence of nuoleon 
spin flip and nonflip amplitudes for equal natu- 
rality of th* exchange. The moment if Ус'> 
for *xaapl* is given by the lnt*rferenoe of the

(unnatural) s wave and P wave helioity sero 
amplitudes (assuming absence of D and higher 
waves) with different nucleon spin flip. 
t £  1;> - ln*(>bjt-l\ fc) _( , _(Лр, i} I'ct'K.j'l
The corresponding moments Re<Y,^> oombine flip 
with flip and nonflip amplitudes

1be<CoS^ Rf Vm^mom*nts resembl* (with opposite 
sign) the £ Re > moments in the low t region 
where natural parity exohange ls snail. Earlier 
investigations of the density matrix /2/ showed 
the vanishing of one unnatural eigenvalue ln the 
j> mass region. This ln turn gives a relation bet
ween nonflip and flip amplitudes T.-cj with the 
oomplex constant о independent of spin and hellsl- 
ty of the 7C-pair system. One then obtains a 
constant ratio

Q <i:oi>y Re. > 2lr»C

for all moments or moments combinations whioh 
oontaln only unnatural parity exohange amplitudes. 
The relation seems to work ln the limited region 
wh*r* It b* has been tested. R deoreases with m 
and has no strong variation with t in the jp mass 
region. Th* minimum nonflip amplitude ls ob
tained by assuming о pur* imaginary. In the mass 
region this assumption h*lds to Ai-exohang* (un
natural parity axohang* nuoleon spin nonflip) 
amplitude of roughly 20* of the corresponding 
flip amplitudes.

Amplitude analysis
A model independent determination of nuoleon 

spin flip and nonflip amplitudes ls not possible 
from this experiment slnoe the polarisation of 
the recoiling neutrons ls not measured. One can 
however determine two sets of "transverslty" 
amplitudes g and h corresponding to a polarisati
on of the neutron perpendloular to the produotlon 
plane : (!u , ~ l n ' 4u i u) t ^

и ,4e ^ . > AV  j t n and f-nonflip, flip, in- 
deos N, a-natural, unnatural parity exohang*. The 
relative phaa* between the set of g and the 
set of h - amplitudes remains unmeasurable.



O p  t o  t h e  p  m a s s  r e g i o n  w h e r e  o n l y  s a n d  p 
w a v e s  h a v e  t o  b e  c o n s i d e r e d  1 4  r e a l  q u a n t i t i e s  

( 8  a m p l i t u d e s  a n d  6 r e l a t i v e  p h a s e s )  a r e  d e t e r -  

m in e d  b y  1 5  m o m e n ts  ( o  < P «  ^

a n d  3 * .S L iy y J m y ^ V a o m e n t s )  g i v i n g  o n e  c o n s t r a i n t  

S u i t a b l e  c o m b i n a t i o n  o f  t h e  m o m e n ts  a l l o w s  a  

s p l i t t i n g  o f  t h e  s e t  o f  1 5  e q u a t i o n s  i n t o  4  

s u b s e t s  w h l o h  o a n  b e  s o l v e d  a n a l y t i c a l l y .  T h e  

a n a l y s i s  h a s  b e e n  p e r f o r m e d  I n  t h e  B a s s  r e g i o n  

( • 7 1 < m <  . 8 3 )  f o r  s e v e r a l  b i n s  I n  t .  T h e  a n a l y -  

t l o a l  s o l u t i o n  w e r e  t a k e n  a s  s t a r t i n g  v a l u e s  f o r  •>
a  a l n l a a l l s a t l o n  t o  s a t i s f y  t h e  o o n s t r a l n t .

I n  m o s t  o a s e s  o n l y  o n e  u n i q u e  r e s u l t  f o r  t h e  

a a g n l t u d e  o f  t h e  a m p l i t u d e s  w as o b t a i n e d .  T h e  

q u e s t i o n  o f  p h a s e  a m b i g u i t i e s  i s  s t i l l  u n d e r  

I n v e s t i g a t i o n .

T h e  s o l u t i o n s  f o r  t h e  t r a n s v e r o l t y  a a p l l t u d e a  

o f  t h e  S - w a v e  (g^  t h e  h e l l o l t y  в е г о  4 ?  -

w a v e  (  (ja ,^Q -  t h e  h e l l o l t y  o n e  u n n a t u r a l  p a r i 

t y  e x o h a n g e  F I  -  w a v e  ,  hu )  a n d  t h e  n a t u r a l  

p a r i t y  e x c h a n g e  l ^ - w a v e  ( < ^ w , b ^ )  a r e  s h o w n  I n  

f i g . 3 .  T h e  s o l i d  o u r v e s  a r e  o b t a i n e d  f r o m  a  f i t
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T l g . 3 .  t - d e p e n d e n o e  o f  " n u o l e o n  t r a n s v e r s l t y "  
a m p l i t u d e s  i n  t h e  p - m a e s  r e g i o n  ( . 7 1 <  m s lr < . e 3 ) .

o f  t h e  m o m e n ts  b y  a d d i n g  A ^  a n d  A j e x c h a n g e  t o  t h e  

" p o o r  man s a b s o r b t l o n ’ n o d e l ^ > 4 / .  T h e  a m p l i t u d e s  

a r e  n o r m a l i s e d  s o  t h a t  t h e  s q u a r e s  e n t e r  w i t h  

e q u a l  w e i g h t  i n  t h e  o r o s s  s e o t i o n .

W i t h o u t  t h e  p r e s e n c e  o f  n o n f l i p  a m p l i t u d e s  g  

a n d  c o r r e s p o n d i n g  b  a m p l i t u d e  w o u l d  h a v e  t h e  

sa m e m a g n i t u d e . A  l o w e r  l i m i t  f o r  t h e  n o n f l i p  

a m p l i t u d e  I s  g i v e n  b y  r e l a t i o n

in I >1 kj l - IMIA^ .
T h e  k n o w le d g e  o f  t h e  t r a n s v e r s i t y  a m p l i t u d e s

a l l o w s  a  d e t e r m i n a t i o n  o f  t h e  i n t e n s i t y
'nl*

f o r  e a c h  p a r t i a l  w a v e  s e p a r a t e l y  ( f i g . 4 )  a n d

ln t » n » H y  o f pQ»weve 
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F i g . 4 .  I n t e n s i t i e s  o f  t h e  p a r t i a l  w a v e s  c a l c u l a t e d  
f r o m  t h e  t r a n s v e r s l t y  a m p l i t u d e s .

t h e r e f o r e  a  e x a c t  s p l i t t i n g  o f  t h e  o r o n a  a e o t i o n  

I n t o  n a t u r a l  a n d  u n n a t u r a l  p a r i t y  e x o h a n g e  c o n t r i 

b u t i o n s .

C o n c l u s i o n s

T h e  s t r o n g  n u o l e o n  p o l a r l e a t i o n  e f f e o t  f o u n d  i n  

a  k i n e m a t i c  r e g i o n  w h i c h  w a s s u p p o s e d  t o  b e  d o m i

n a t e d  b y  o n e  p i o n  e x o h a n g e  w a s  c o m p l e t e l y  u n e x 

p e c t e d .  I f  i t  i s  d u e  t o  t h e  e x o h a n g e  o f  a n  a d d i -



t i o n a l  p a r t i c l e  t h i s  o b j e c t  b a s  t h e  c u a n t i ’a  num 

b e r  o f  t h e  .  P o s s i b l y  I t  c a n  a l s o  be e v .D l a .n e d -  

s i m l l a r i t y  t o  t h e  h e l i c i t y  o n e  m o m e n ts  i n  o n e  

p l o n  e x c h a n g e  -  b.y f i n a l  s t a t e  I n t e r a c t i o n .  T h e  

p r o b l e m  i s  o f  p a r t i c u l a r  I n t e r e s t  f n r A ^ s n a t -  

t e r l n g  a s  A j  e x o h a n g e  h a s  b e e n  a s s u m e d  t o  be 

a b s e n t  l n  a l l  1 1 u p h a s e  h l f t  a n a l y s i s ,  A c o n t i 

n u a t i o n  o f  t h e  u n f i n i s h e d  a n a l y s i s  w i l l  h o p e f u l l y  

c l a r i f y  t h e  s i t u a t i o n .
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C a l i f o r n i a

P h e n o m e n o l o g i c a l  m o d e ls  o f  b a r y o n  s t r u c t u r e  

h a y e  b e e n  s t u d i e d  w i t h  i n c r e a s i n g  I n t e r e s t  l n  

r e c e n t  y e a r s .  T h e  S U ( 6 ) x O ( 3 )  h a .r m o n lo  o s c i l l a t o r  

m o d e l p r o p o s e d  b y  G r e e n b e r g ,  a n d  i t s  r e l a t i v l s -  

t l o ^ 2 ^  a n d  d i q u a r ) / ' ^  v a r i a t i o n s ,  h a v e  h a d  

n o t a b l e  s u c c e s s  l n  r e p r o d u c i n g  t h e  o b s e r v e d  

b a r y o n  m a ss s p e c t r u m . M o re  r e c e n t  d e v e l o p m e n t s  

s u o h  a s  t h e  " d u a l  s t r i n g " ^ 4 /  a n d  " b a g " ^ ^  mo

d e l s  o f  b a r y o n s  h a v e  a g a i n  f o c u s e d  a t t e n t i o n  

o n  t b e  s p e e t r u a  o f  b a r y o n  r e s o n a n c e s .

T h e  p r i m a r y  s o u r c e  o f  i n f o r m a t i o n  t o  t e s t  

s u c h  m o d e ls  c o m e s  f r o m  o a r t l a l  w n v e  a n a l y s e s .

F o r  d i s t i n g u i s h i n g  a m o n g  m o d e l s , r e s o n a n c e s  o n  

n o n - l e a d i n g  t r a . 1 e o t o r j . e s  a r e  o f  o r l t i c a l  im 

p o r t a n c e .  I t  I s  b a r d  t o  s t u d y  s u c h  r e s o n a n c e s ,  

b e o e u s e  t h e y  o c o u r  l n  p a r t i a l  w a v e s  w h i c h  h a v e  

l o w  s t a t i s t i c a l  w e i g h t s  a n d  w h i c h  a r e  s t r o n g l y  

a f f e c t e d  b y  p b a s e  a m b i g u i t i e s .  T h e y  a l s o  h a v e  

s m a l l  i n e l a s t i c i t i e s  a n d  t e n d  t o  o v e r l a p . F o r  

t h e  u n b i a s e d  d e t e r m i n a t i o n  o f  r e s o n a n o e s  l n  

l o »  p a r t i a l  w a v e s , a o c u r a t e  d a t a  a n d  s o p h i s t i 

c a t e d  p a r t i a l  w a v e  a n a l y s i s  m e th o d s  a r e  n e c e s 

s a r y  .

We h a v e  a n a l y z e d  a m a lg a m a te d  p l o n  p r o t o n  

s c a t t e r i n g  d a t a  a t  2 6  m o m e n ta  i n  t h e  r a n g e

2 * 0  O e V / o  u s i n g  t h e  a c c e l e r a t e d  c o n -  

v e r g e n o e  e x p a n s i o n  ( A C E )  m e t h o d , i n  w h i c h  

h i g h e r  p a r t i a l  w a v e s  a r e  n o t  r e a u l r e d  t o  v a 

n i s h ,  b u t  a r e  d e t e r m i n e d  b y  p a r t i o l e  e x o h a n g e  

p r o c e s s e s  a n d  b y  e x t r a p o l a t i o n  f r o m  l o w e r  p a r 

t i a l  w a v e s . D i s p e r s i o n  r e l a t i o n s  a l o n g  c u r v e s  

w h i c h  l i e  w i t h i n  t h e  p h y s i c a l  r e g i o n  f o r  s c a t 

t e r i n g  w e r e  u s e d  t o  r e m o v e  a m b i g u i t i e s  a n d  t o  

g e n e r a t e  p r e d i o t e d  a m p l i t u d e s  a t  e a c h  e n e r g y .


