
d i s c r epancy  between t h e  c a l c u l a t e d  and measured c r o s s  

s e c t i o n s  f o r  t h e  i s o v e c t o r  t r a n s i t i o n  was no t  observed.  

The o r i g i n  of t h e  d i f f e r e n c e s  between t h e s e  r e s u l t s  

a p p e a r s  t o  be i n  t h e  r e a c t i o n  mechanism. Our 

measurements show a  large-momentum t r a n s f e r  

d isagreement  w i th  t h e  c a l c u l a t i o n s  performed w i th  t h e  

M3Y e f f e c t i v e  i n t e r a c t i o n  but  n o t  w i th  t hose  performed 

w i t h  t h e  Love and Franey i n t e r a c t i o n .  
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One of t h e  most i n t e r e s t i n g  developments i n  t h e  on even-even ( J ~ = O + )  t a r g e t s .  These v a l u e s  f o r  t h e  

p a s t  half-dozen y e a r s  i n  n u c l e a r  phys i c s  has  been t h e  s p i n - f l i p  p r o b a b i l i t y  "S" a r e  combina t ions  of  Clebsch- 

r e a l i z a t i o n  t h a t  s p i n - f l i p  modes of e x c i t a t i o n  become Gordan c o e f f i c i e n t s  f o r  t h e  a n g u l a r  momentum coup l i ngs  

v e r y  impor t an t  a t  medium e n e r g i e s ,  e s p e c i a l l y  f o r  f o r  t h e  f i n a l  s t a t e s .  Note t h a t  w i th  t h e  e x c e p t i o n  of  

i s o v e c t o r  e x c i t a t i o n s .  Perhaps  t h e  most d i r e c t  method t h e  0+ + 0' t r a n s i t i o n ,  a l l  t r a n s i t i o n s  w i th  AS=l have 

f o r  s t udy ing  such  e x c i t a t i o n s  i s  a  p o l a r i z a t i o n -  s p i n - f l i p  p r o b a b i l i t i e s  between 1/2 and 3/4. I n  

t r a n s f e r  measurement. To t h i s  end, we began a  program g e n e r a l ,  t h e  l a r g e r  t h e  s p i n ,  t h e  c l o s e r  "S" w i l l  be t o  
-b -+ 

of (p ,n)  p o l a r i z a t i o n - t r a n s f e r  measurements about  a  314. Thus, p o l a r i z a t i o n - t r a n s f e r  measurements a r e  most 
-b -b 

yea r  ago w i th  a  s t udy  of  t h e  4 0 s 4 8 ~ a ( p , n ) 4 0 , 4 8 ~ c  u s e f u l  f o r  low v a l u e s  of  AL where t h e  d i f f e r e n c e s  i n  

r e a c t i o n s  a t  135 MeV. "S" f o r  d i f f e r e n t  t r a n s i t i o n s  a r e  more pronounced. 

C o r n e l i u s  e t  a1 . l  showed t h a t  under two s imp le  P o l a r i z a t i o n - t r a n s f e r  measurements t o  de t e rmine  sp in-  

assumpt ions  ( v i z .  c e n t r a l  f o r c e s ,  and a  s i n g l e  f l i p  p r o b a b i l i t i e s  a r e  t hus  complementary t o  ana lyz ing-  

L - t r a n s f e r )  t h a t  s p i n - f l i p  p r o b a b i l i t i e s ,  which we w i l l  power measurements: p o l a r i z a t i o n - t r a n s f e r  is most 

c a l l  "S", t a k e  on s imple ,  c h a r a c t e r i s t i c  va lue s .  Some u s e f u l  nea r  O 0  where AL-0 and AL=l dominate;  a n a l y z i n g  

of  t h e s e  v a l u e s  a r e  l i s t e d  i n  Table 1 f o r  t r a n s i t i o n s  powers must van i sh  i d e n t i c a l l y  a t  0'. 



Table 1: Spin-Flip P r o b a b i l i t i e s  (S) r e s o l u t i o n  was l i m i t e d  p r imar i l y  by t h e  10 cm t h i cknes s  

T r a n s i t i o n  

IAS 

GT 

"Spin- 
F l i p "  

D ipo le  

Non-spin Dipole 

C o l l e c t i v e  E2 

S p i n - f l i p  E2 

+ -b 

What we measure i n  a (p,n) p o l a r i z a t i o n - t r a n s f e r  

exper iment  is  pn, t h e  p o l a r i z a t i o n  of t h e  d e t e c t e d  

neut ron .  This  q u a n t i t y  i s  r e l a t e d  t o  t h e  p o l a r i z a t i o n  

of  t h e  incoming proton  pp, and t o  t h e  " t r a n s v e r s e  

p o l a r i z a t i o n  t r a n s f e r  c o e f f i c i e n t "  KY' (Madison 
Y 

convent ion)  a s  fo l lows : 

where Ay(@) and P(@) a r e  t h e  ana lyz ing  power and t h e  

p o l a r i z a t i o n  f u n c t i o n  f o r  t he  r e a c t i o n ,  r e s p e c t i v e l y .  

S ince  Ay(@) and P(B) van i sh  i d e n t i c a l l y  a t  0°, t h i s  

e x p r e s s i o n  s i m p l i f i e s  to :  

pn = P ~ K Y ' ( O ~ )  
Y 

Thus a t  O D ,  KY i s  t h e  r a t i o  of t h e  outgoing neut ron  
Y 

p o l a r i z a t i o n  t o  t h e  incoming proton  p o l a r i z a t i o n .  

The s p i n - f l i p  p r o b a b i l i t y  "S" i s  r e l a t e d  t o  KY1 
Y 

From measurement of pn, we can de termine  ICY' and S. 
Y 

The experiment was performed wi th  t h e  beam-swinger 

f a c i l i t y .  The f l i g h t  pa th  from the  t a r g e t  t o  t he  

pr imary  s c a t t e r e r s  of t he  po l a r ime te r  was 35m, which 

provided a s a t i s f a c t o r y  compromise between energy 

r e s o l u t i o n  (about 1 MeV) and count ing  r a t e .  The energy 

of t h e  primary s c a t t e r e r s  of t h e  po l a r ime te r .  

The neut ron  po l a r ime te r  is shown schema t i ca l l y  i n  

Fig.  1. It u t i l i z e s  t h e  ana lyz ing  power of n-p 

s c a t t e r i n g  from t h e  hydrogen n u c l e i  i n  o rgan i c  

s c i n t i l l a t o r s .  Th i s  ana lyz ing  power is t y p i c a l l y  +0.5 

nea r  a l a b o r a t o r y  s c a t t e r i n g  ang l e  of 25" f o r  t h e  

e n e r g i e s  of i n t e r e s t  i n  t he se  experiments.  The primary 

s c a t t e r e r s  a r e  t h r e e  ver t ica l ly-mounted  mean-timed 

s c i n t i l l a t o r s  10 cm t h i c k  i n  t h e  d i r e c t i o n  of t h e  

i n c i d e n t  neut ron  f l u x ,  12.5 cm wide and 1.02 m high. 

S c a t t e r e d  neu t rons  a r e  d e t e c t e d  wi th  two s e t s  ( l e f t  and 

r i g h t )  of ve r t i c a l l y -moun ted  mean-timed " s i d e  

de t ec to r s " .  Each s e t  c o n s i s t s  of t h r e e  s c i n t i l l a t o r s  

10  cm t h i c k ,  25.4 cm wide and 1.02 m high. The s i d e  

d e t e c t o r s  a r e  l oca t ed  a t  a mean f l i g h t  pa th  of 1 m from 

t h e  primary s c a t t e r e r s  a t  a mean s c a t t e r i n g  a n g l e  of 

22.5', which is  t h e  a n g l e  f o r  t h e  maxiinurn i n  ~ ' a ( @ , ~ )  
Y 

f o r  r r p  s c a t t e r i n g  a t  t h e  r e l e v e n t  neut ron  ene rg i e s .  

The product  A ~ U  is  t h e  u sua l  f igure-of-mer i t  f o r  a 
Y 

po l a r ime te r .  

i n c i d e n t  

n e u t r o n s  

1 O m x 4 ' x 4 O '  

1 side detectors 

KSU NEUTRON POLARIMETER 

Figu re  1. The geometry of t h e  neut ron  po l a r ime te r ,  a s  
s een  from above. 



From t h e  i n fo rma t ion  s p e c i f y i n g  which d e t e c t o r s  

were involved  i n  a g iven  even t  and t h e  p o s i t i o n s  of  

i n t e r a c t i o n  i n  t hose  two s c i n t i l l a t o r s ,  we can  

r e c o n s t r u c t  ( o f f - l i n e )  r ,  8, and 4. These co -o rd ina t e s  

and  t he  v e l o c i t y  of  t h e  s c a t t e r e d  neut ron  a r e  t hen  

compared w i th  f r e e  n-p k inema t i c s  t o  e l i m i n a t e  a 

s u b s t a n t i a l  f r a c t i o n  of  (n,np) quas i - f r ee  s c a t t e r i n g  

e v e n t s  from the  carbon n u c l e i  i n  t h e  primary 

s c a t t e r e r s .  These quas i - f r ee  e v e n t s  a r e  t h e  p r i n c i p a l  

souce  of background i n  t h e  po l a r ime t e r .  When we 

opt imized  t h e  o f f - l i n e  c u t s  on 0 ,  4,  quas i - f r ee  

background r e j e c t i o n ,  and t h e  pulse-he ight  t h r e s h o l d s  

i n  t h e  primary and s i d e  d e t e c t o r s ,  we ob t a ined  t h e  

fo l l owing  performance c h a r a c t e r i s t i c s  f o r  our  

p o l a r i m e t e r :  

- 
Ay ( ave rage  ana lyz ing  power) = 0.275 + 0.010 

E ( e f f i c i e n c y )  = 2.4 x 10'~ 

These va lue s  were ob t a ined  from d a t a  f o r  t h e  

1 4 ~ ( p , n ) 1 4 ~  (2.31 MeV) r e a c t i o n  which is a O+ + 0+ 

r e a c t i o n  w i th  ICY' = 1, and from t h e  1 2 ~ ( p , n ) 1 2 ~  ( g . s . )  
Y 

and 4 8 ~ a ( p , n ) 4 8 ~ c  (2.52 MeV) r e a c t i o n s  where we know 

t h e  c r o s s  s e c t i o n s  from previous  measurements. 

Note t h a t  t h e s e  va lue s  f o r  xy and E imply a data-  

t a k i n g  e f f i c i e n c y  t h a t  is  s e v e r a l  t imes  l a r g e r  than  

o t h e r  neut ron  p o l a r i m e t e r s  c u r r e n t l y  i n  use  a t  medium 

e n e r g i e s .  Because of t h e  i n t r i n s i c  l e f t / r i g h t  n a t u r e  

o f  i t s  de s ign ,  an  e s p e c i a l l y  u s e f u l  f e a t u r e  of  t h i s  

p o l a r i m e t e r  is  t h a t  i t  has  a u s e f u l  on- l ine  ana lyz ing  

power of about  15% wi th  no c u t s  o t h e r  than  pulse-he ight  

t h r e s h o l d s .  This  f a c t  means t h a t  on- l ine  r e s u l t s  a r e  

r e a d i l y  o b t a i n a b l e  wi thout  u s ing  v a l u a b l e  beam t o  

de t e rmine  and s e t  up t h e  nece s sa ry  c a l i b r a t i o n s  f o r  a 

more complete a n a l y s i s .  

F i g u r e  2 shows our  0' d a t a  f o r  t h e  4 8 ~ a ( p , n ) 4 8 ~ c  

r e a c t i o n .  Pane l  ( a )  i s  t h e  neut ron  energy s p e c t r u a  f o r  

a l l  e v e n t s  t h a t  passed  our f i n a l  so f twa re  c u t s ;  t h e  0+ 

2000 (b) To Left 
C .- 
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2 1000. 
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0 0 - .  ----.------------sL. , 
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2 2000) (h) Non-Spin-Flip 

z 
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0 
0 1000: 

0 L L - L .  

2+ i 
90 100 110 120 130 140 

NEUTRON E N E R G Y ,  E n ( M e V )  

Figu re  2. S p e c t r a  from t h e  4 8 ~ a ( p , n ) 4 8 ~ c  r e a c t i o n  a t  
135 MeV and 0': ( a )  i s  t h e  spectrum of  a l l  n eu t rons  
s a t i s f y i n g  so f twa re  c u t s ;  ( b ) - a n d  ( c )  a r e  s p e c t r a  of  
neu t rons  s c a t t e r i n g  t o  t h e  l e f t  and t o  t h e  r i g h t  i n  t h e  
p o l a r i m e t e r ;  ( d )  i s  t h e  d i f f e r e n c e s  of  s p e c t r a  ( c )  and 
( b ) ;  ( e )  and ( f )  a r e  s p e c t r a  of  KY and ~ = ( 1 - k y 1 ) / 2 ;  

Y Y 
(g )  and (h )  a r e  t he  " sp in - f l i p "  and "non-sp in ' f l ip"  
s p e c t r a  r e s p e c t i v e l y .  



i soba r i c - ana log  s t a t e  (IAS), known 1+ s t a t e s ,  i n c l u d i n g  

t h e  Gamow-Teller Giant  Resonance (GTGR) and t h e  135 MeV 4 0 ~ a ( ~ , $ 4 0 ~ ~  at 0' 

" s p i n - f l i p "  d i p o l e  (SFD) r eg ion  a r e  l abe l ed .  Pane l s  

(b)  and ( c )  show t h e  s p e c t r a  of  neu t rons  t h a t  s c a t t e r e d  

i n  t h e  po l a r ime t e r  t o  t he  " l e f t "  and t o  t h e  " r i g h t " ,  

r e s p e c t i v e l y ,  i n  t h e  Madison convent ion .  We s e e  

immediately a d i f f e r e n c e  between neu t rons  from t h e  0+ 

IAS and from t h e  1+ GTGR; t h e  former s c a t t e r  

p r e f e r e n t i a l l y  t o  t h e  l e f t ,  t h e  l a t t e r  t o  t h e  r i g h t ,  

i n d i c a t i n g  d i f f e r e n t  s i g n s  t o  t h e  neu t ron  p o l a r i z a t i o n .  

T h i s  o b s e r v a t i o n  shows up even more c l e a r l y  i n  pane l  

( d )  which shows t h e  " l e f t "  minus " r i g h t "  d i f f e r e n c e  

spectrum. Pane l s  ( e )  and ( f )  show t h e  s p e c t r a  of  KY1 
Y 

and  S, de f i ned  above. We s e e  t h a t  r e g i o n s  of  assumed 

1+ s t r e n g t h  indeed  have v a l u e s  of  S nea r  2/3,  a s  

i n d i c a t e d  by t h e  dashed l i n e .  When we m u l t i p l y  t h e  

spec t rum of a l l  even t s  i n  pane l  ( a )  by S, we g e n e r a t e  a 

" s p i n - f l i p  spectrum"; m u l t i p l y i n g  t h e  " a l l  even t s "  

Events 

1 -,2- 1 ( c )  A Non-Spin-Flip 

I 

spec t rum by (1-S) g e n e r a t e s  a "non-spin-fl ip spectrum". NEUTRON ENERGY, E,(MeV) 

These r e s u l t s  a r e  shown i n  pane l s  (g)  and (h ) .  The O+ 

IAS shows up e x c l u s i v e l y  i n  t h e  non-sp in- f l ip  spectrum, 
-b -b 

( a s  r e q u i r e d  f o r  a O+ -+ 0+ t r a n s i t i o n ) ,  and t h e  1+ F i g u r e  3. S p e c t r a  f o r  t h e  4 0 ~ a ( p , n ) 4 0 ~ c  r e a c t i o n  a t  
135  MeV and 0': ( a )  i s  t h e  spectrum of  a l l  n eu t rons  

s t a t e s  show up wi th  2/3 of t h e i r  s t r e n g t h  i n  t h e  sp in-  s a t i s f y i n g  so f twa re  c u t s ;  (b) -and  ( c )  a r e  " sp in - f l i p "  
and "non-spin-fl ip" s p e c t r a  r e s p e c t i v e l y .  The s o l i d  

f l i p  spectrum, a s  sugges ted  by Table  1. l i n e s  a r e  plane-wave quas i - f r ee  s c a t t e r i n g  (w i th  P a u l i  
b locking)  background c a l c u l a t i o n s ,  normalized t o  t h e  

F i g u r e  3 shows t h e  spectrum of a l l  e v e n t s ,  t h e  d a t a .  

s p i n - f l i p  spectrum and t he  non-spin-fl ip spec t rum f o r  

t h e  4 0 ~ a ( p , n ) 4 0 ~ c  r e a c t i o n  a t  0" and 135 MeV. The r eg ion" ) ,  we s e e  t h a t  t h e r e  is no a p p r e c i a b l e  

presumed SFD r eg ion  (En = 105 t o  110 MeV; Q = -20 d i f f e r e n c e  between t h e s e  two t a r g e t s .  This  r e s u l t  is  

t o  -25 MeV) dominates t h e  spectrum of a l l  even t s ;  t h e  e s p e c i a l l y  s i g n i f i c a n t  because 4 0 ~ a  i s  a sp i n - s a tu r a t ed  

s p i n - f l i p  and non-sp in- f l ip  s p e c t r a  show marked s e l f - con juga t e  t a r g e t  and can have no G-T s t r e n g t h ,  

d i f f e r e n c e s ,  however, w i th  t h e  SFD s t r e n g t h  more excep t  f o r  t h a t  from ground-s ta te  c o r r e l a t i o n s  (which 

s h a r p l y  concen t r a t ed  i n  t he  non-sp in- f l ip  spectrum. presumably produce t h e  two weak 1+ s t a t e s  a t  low 

I n  Fig.  4, we show a comparison of t h e  S s p e c t r a  e x c i t a t i o n  energy);  t h e r e f o r e ,  we can conclude  t h a t  

f o r  both  4 0 ~ a  and 4 8 ~ a  a t  0° ,  bu t  w i th  c o a r s e r  b inning  t h e r e  is no ev idence  i n  t he  s p i n - f l i p  s p e c t r a  t h a t  

( 1  MeV) t o  reduce  s t a t i s t i c a l  f l u c t u a t i o n s .  For would p o i n t  unambiguously t o  r e s i d u a l  G-T s t r e n g t h  i n  

neu t ron  e n e r g i e s  between 90 and 105 MeV ("above t he  SFD t h i s  p a r t  o f  t h e  continuum. Th i s  r e s u l t  does no t  r u l e  



En (MeV) 

F i g u r e  4. S p e c t r a  of  t h e  s p i n - f l i p  p r o b a b i l i t y  S 
( ~ = ( 1 - ~ ~ ' 1 2 )  f o r  t h e  135 MeV (p,n) r e a c t i o n s  on 4 0 ~ a  

Y 
and 4 8 ~ a  a t  0'. 

o u t  such  s t r e n g t h ,  bu t  does not  p rov ide  any suppo r t  f o r  

s u g g e s t i o n s  t h a t  t h e  continuum i n  t h i s  Q-value r e g i o n  

c o n t a i n s  t h e  miss ing  G-T sum-rule ~ t r e n g t h . ~  Note, 

4 0 ~ a ( i j , i i ~ 4 0 ~ ~  0' 135 M e V  

T T  
 in-flip' - QFS 1 
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En ( M e V )  

however, t h a t  t h e  r eg ion  l a b e l e d  "GTGK" f o r  4 8 ~ a  i n  
F igu re  5. ( a )  and (b): S p i n - f l i p  and non-sp in- f l ip  

F ig .  4 ex t ends  down t o  about  E=115 MeV, which i s  w e l l  s p e c t r a  f o r  t h e  135 MeV 4 0 ~ a ( p , n ) 4 0 ~ c  r e a c t i o n  a t  0°,  
a f t e r  s u b t r a c t i o n  of t h e  quas i - f r ee  s c a t t e r i n g  

below t h e  16.8 MeV 1+ s t a t e ;  t h e  s p i n - f l i p  p r o b a b i l i t y  backgrounds shown i n  Fig.  3. (c ) :  The s p i n - f l i p  
p r o b a b i l i t y  S d e r i v e d  from s p e c t r a  ( a )  and (b)  

( S )  i n  t h i s  r eg ion  is  i d e n t i c a l  t o  S f o r  t h e  main peak (c=a/ (a+b)) .  

o f  t h e  GTGK (S=2/3). Th i s  is c o n s i s t e n t  w i th  ou r  

e a r l i e r  a n a l y s i s  of  c ro s s - s ec t i on  measurements, which f l i p  spec t rum can  be used t o  de t e rmine  approximate ly  

i n d i c a t e  t h a t  t h e r e  is  a s i g n i f i c a n t  amount of G-T t h e  d i s t r i b u t i o n  of O', l', and 2' s t r e n g t h ,  a s  

s t r e n g t h  ("20% of t h e  sum r u l e )  i n  t h e  continuum 

immediately above t h e  GTGR. 

i n d i c a t e d  i n  t h e  bottom pane l  of  Fig.  5. Note t h a t  

v a l u e s  of  S s m a l l e r  t han  1/2 i n d i c a t e  t h e  p r e sence  of  a 

Re tu rn ing  t o  Fig.  3, we show a l s o  a plane-wave sma l l  amount of  non-spin-dipole s t r e n g t h  which can  on ly  

q u a s i - f r e e  s c a t t e r i n g  (w i th  P a u l i  b locking)  background be l', and w i l l  be e x c i t e d  r e l a t i v e l y  weakly a t  t h e s e  

normal ized  t o  t he  s p e c t r a  a t  E,=90 t o  95 MeV. When we bombarding e n e r g i e s .  The d i s t r i b u t i o n  of  s p i n - f l i p  and 

s u b t r a c t  t h i s  background, we o b t a i n  t h e  s p e c t r a  i n  Fig.  non-sp in- f l ip  s t r e n g t h  i n  Fig.  5 i s  i n  good q u a l i t a t i v e  

5. S ince  O', 1' and 2' s t a t e s  have d i s t i n c t l y  agreement w i th  d is tor ted-wave  impulse  approximat ion  

d i f f e r e n t  v a l u e s  f o r  S (1, 0.5, 0.7 r e s p e c t i v e l y ) ,  t h i s  p r e d i c t i o n s  based on one-part icle-one-hole wave- 

t y p e  of  decomposi t ion  i n t o  a s p i n - f l i p  and a non-spin- f u n c t i o n s  from Donnelly and ~ a l k e r . ~  



I n  summary, we measured t he  t r a n s v e r s e  

p o l a r i  

c y n >  

. za t i on - t r ans f e r  c o e f f i c i e n t  KY' f o r  t h e  135 MeV 
Y 

r e a c t i o n  on 4 0 ~ a  and 48Ca. When we compare 

continuum s p i n - f l i p  p r o b a b i l i t i e s  f o r  t he se  t a r g e t s  i n  

t h e  Q-value r eg ion  from 30 t o  45 MeV, we f i n d  no c l e a r  

ev idence  f o r  "hidden" G-T s t r e n g t h  i n  t h i s  region;  

however, we do f i n d  i n d i c a t i o n s  f o r  continuum G-T 

s t r e n g t h  i n  t h i s  region;  however, we do f i n d  

i n d i c a t i o n s  f o r  continuum G-T s t r e n g t h  i n  t h e  r eg ion  

between t h e  main peak of t h e  GTGK and t h e  SFD region .  

Also ,  we observe  c l e a r  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n s  

of s p i n - f l i p  and non-spin-fl ip s t r e n g t h  f o r  4 0 ~ a  i n  t h e  

Q-value r eg ion  from 20 t o  30 Mev, which we i n t e r p r e t  i n  

terms of t h e  well-known Giant-Dipole (AL,=l, AS=O) 

resonance  (Jn=l') and t h e  Spin-Flip-Dipole (&=I ,  AS=l) 

resonance  (J*=l', 2-, 3'). 
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