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A b s t r a c t

STUDY OF THE ^ L i  ( ^He,c() &Li* REACTION

by

B e a r t r o n  S'. L i n

A d v i s o r :  P r o f e s s o r  P e t e r  M.S.  L e s s e r

D i f f e r e n t i a l  c r o s s  s e c t i o n s  f o r  f o r m a t i o n  o f  t h e  5 . 3 7  
MeV ( J tt=2+ ,T=1)  l e v e l  i n  ®Li h a v e  b e e n  m e a s u r e d  v i a  t h e  
r e a c t i o n  ^ L i  (^He,c()  ^ L i  a t  i n c i d e n t  ^He e n e r g i e s  i n  t h e  r a n g e
0 . 7 - 2 . 5  MeV and  f o r  a n g l e s  i n  t h e  r a n g e  2 0 ° < 9 ( L a b ) < 1 6 0 ° .  
D a t a  f o r  t h e  g . s . r 2 . 1 8  and 3 . 5 6  MeV e x c i t e d  s t a t e s  o f  ^Li  
w e r e  a l s o  o b t a i n e d .  The r e s u l t s  f o r  t h e  g . s .  and  t h e  f i r s t  
two e x c i t e d  s t a t e s  a r e  i n  good  a g r e e m e n t  w i t h  p r e v i o u s  m e a s ­
u r e m e n t s  and  show no  c l e a r  r e s o n a n c e  s t r u c t u r e .  The e x c i t a ­
t i o n  f u n c t i o n  f o r  t h e  5 . 3 7  MeV s t a t e ,  h o w e v e r ,  e x h i b i t s  
r e s o n a n c e  s t r u c t u r e  a t  i n c i d e n t  ^He e n e r g i e s  o f  1 . 4 5  and
2 . 1 5  MeV, c o r r e s p o n d i n g  t o  f o r m a t i o n  o f  s t a t e s  i n ^  t h e  com­
pound  n u c l e u s ,  l ^ B ,  a t  1 8 . 8  and 1 9 . 3  MeV e x c i t a t i o n  r e s p e c ­
t i v e l y .  The e x p e r i m e n t a l  d a t a  we r e  c o m pa r ed  w i t h  t h e  r e s u l t s  
o f  DWBA c a l c u l a t i o n s  u s i n g  t h e  c o m p u t e r  c o d e  DWUCK4.

C o i n c i d e n t  e v e n t s  b e t w e e n  t h e  f i r s t  e m i t t e d  a l p h a  
p a r t i c l e  and  t h e  d e c a y  a l p h a ' s  o r  p r o t o n ’ s  w e re  d e t e c t e d  u s ­
i n g  a c o u n t e r  t e l e s c o p e  i n  t h e  r e a c t i o n  p l a n e  a t  s e v e r a l  a p ­
p r o p r i a t e l y  c h o s e n  a n g l e  p a i r s  a t  an  i n c i d e n t  ^He e n e r g y  o f
2 . 1 5  MeV. B r a n c h i n g  r a t i o s  f o r  t h e  a l l o w e d  d e c a y  
modes  5He+p and  c(+p+n,  a s  w e l l  a s  t h e  i s o s p i n  f o r b i d d e n  d e ­
c a y  i n t o  c(+d, w e r e  d e d u c e d  f rom t h e  d a t a .
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I .  INTRODUCTION

As a r e s u l t  o f  t h e  l a r g e  mass  e x c e s s ( 1 4 . 9 3  MeV) 

o f  3 H e ( R e f . 1 ) ,  ^He i n d u c e d  r e a c t i o n s  a r e  c h a r a c t e r i z e d  by 

h i g h  Q v a l u e s  and by h i g h l y  e x c i t e d  compound s y s t e m s .  Hence ,  

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

i ng  a l ow i n c i d e n t  e n e r g y .  The l a r g e  Q v a l u e s  a v a i l a b l e

i n  3fle i n d u c e d  r e a c t i o n s  f r e q u e n t l y  l e a d  t o  m u l t i b o d y  f i n a l  

s t a t e  s y s t e m s .  E x p e r i m e n t a l  e v i d ' e n c e C R e f . 2 )  i n d i c a t e s  t h a t  

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

by l ow e n e r g y  p r o j e c t i l e s  p r o c e e d  t o  t h e  f i n a l  s t a t e  by 

v a r i o u s  " s e q u e n t i a l "  p r o c e s s e s .  The s i m u l t a n e o u s  p r o c e s s  

p l a y s  a s i g n i f i c a n t  r o l e  o n l y  i n  u n u s u a l  c i r c u m s t a n c e s  a t  

low b o m b a r d i n g  e n e r g i e s .  The i n v e s t i g a t i o n  o f  s u c h  r e a c t i o n s  

t h a t  l e a d  t o  m u l t i b o d y  f i n a l  s t a t e s  h a s  b e en  e s p e c i a l l y  u s e ­

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

a t e  s y s t e m s ,  b e c a u s e  t h e y  f r e q u e n t l y  a l l o w  one  t o  s t u d y  

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

a s  w e l l  a s  a l l  o f  i t s  p o s s i b l e  d e c a y  m o d e s C R e f .3)■ In  a d d i ­

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

modes c an  o f t e n  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  s p i n  and p a r i ­

t y  o f  t h e  i n t e r m e d i a t e  s t a t e  a s  w e l l  a s  t h e  mechan i sm  o f  t h e  

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

The 7L i (3He, cC) 6 L i ( g . s  . )  r e a c t i o n  h a s  a Q - v a l u e  o f  

13 -328  M e V ( R e f . 4 ) .  A r e a c t i o n  b e t w e e n  ^L i  and 3He can  l e a d  

t o  a m u l t i b o d y  f i n a l  s t a t e  i n  a v a r i e t y  o f  way s .  In  t h i s
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t h e s i s ,  a t t e n t i o n  w i l l  be  f o c u s e d  oh t h e  7 L i  ( 8He ,c(.| d)c<2 , 

t h e  7 LiC^He ,c(p)^He and t h e  7 L i ( 8 He ,ot^ Jpnc^  r e a c t i o n s  w h i c h  

may p r o c e e d  by s e q u e n t i a l  p r o c e s s e s  t h r o u g h  i n t e r m e d i a t e  

s t a t e s  o f  e i t h e r  8 L i  and ®Be o r  8 L i  and ^Be r e s p e c t i v e l y .  

The s e q u e n t i a l  p r o c e s s e s  p r o c e e d i n g  t h r o u g h  ^ L i  a r e  :

7L i  + 3ne  — > + 8 L i*

 > d + <*2

 > + p + n

 > ^He + p
II
 > <^2 + n

The s e q u e n t i a l  p r o c e s s e s  l e a d i n g  t o  t h e  same m u l t i ­

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

o f  8 Be o r  ^Be a r e  t h e  f o l l o w i n g  :

7L i  + 3 n e — > d + 8 BeII

^ L i  + 8He - - >  p + ^BeI
 ------> <£- + 5He
i 1 ii i
j ------- > d 2 + n

 > n + 8Be
ir

— ———> d  -j +  ((2

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

o f  8 B e , ^Be , w h i c h  a r e  known t o  b r e a k  up p r e d o m i n a n t l y  by  

d - d e c a y  a r e  ( w i t h  J n ;T g i v e n  i n  p a r e n t h e s e s ) :  g . s . ( 0 + ; 0 ) ,

2 . 9 4  MeV(2+ ; 0 ) ,  1 1 . 4  MeV(4+ ; 0 ) ,  1 6 . 6 2  MeV(2+ ) ,  and  1 6 . 9 2
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MeV (2 + ) s t a t e s  f o r  8 B e , 1 . 6 8  M e V ( J + ; p ,  2 . 4 3  M e V ( | - ; p ,

2 . 7 8 '  M e V ( ^ - ; p , '  3 . 0 6  M e V ( | + ; J ) ,  4 . 7 0  M e V ( | + ; p ,  6 . 7 6

M e V ( J - ; p ,  1 1 . 2 8  MeVCtt = - ) ,  and 11 .81  MeV(J)  s t a t e s

f o r  ^ B e .  The f i r s t  f ew e x c i t e d  s t a t e s  i n  8L i  a r e  : 

g . s . ( 1 + ; 0 ) ,  2 . 1 8  MeV(3+ ; 0 ) t 3 - 5 6  MeV(0+ ; 1 ) ,  4 . 5 7  MeV(2+ ; 0 )

and 5 . 3 7  MeV(2+ ; 1 ) .

133 . 3 2 8
L i + J He-c{

5 5 . 6 6  
L i+ n

(-4 .59. 
Fe +p

, , 3 . 6 98
F e + n + p

/
/

5 . 7

5 . 37

4 . 57

3 . 56 2

2 . 1 8 5

J " ; T/  Tern 
1 + ; 0

2 + ; V t 540  keV

2 + ; 0 

0 + ; 1

3 + ; o

750  keV

< 5 keV

2 6 . 3  keV

4u,
1 . 4737
He+d

6L1
l + ;0

F i g . 1  E n e r g y  L e v e l s  o f  8L i



I t  i s  e a s i l y  d e t e r m i n e d  f rom i s o s p i n  c o n s i d e r a t i o n s  

t h a t  o n l y  a T=0 l e v e l  c an  d e c a y  t o  d  + d ,  s i n c e  b o t h  a l p h a  

and  d e u t e r o n  h a v e  i s o s p i n  T=0.  As c a n  be  s e e n  f rom t h e  e n e r ­

gy l e v e l  d i a g r a m ( F i g . 1 ) ,  t h e  g r o u n d  s t a t e  i s  s t a b l e ,  w h i l e  

t h e  f i r s t  e x c i t e d  s t a t e ,  w h i c h  i s  a b o v e  t h e  1 . 4 7 3 7  MeV 

t h r e s h o l d ,  c a n  d e c a y  i n t o  d + d .  The 3 . 5 6  MeV l e v e l  i s  a 

T=1 l e v e l  and i s  a member o f  t h e  i s o s p i n  t r i p l e t  w h i c h  i n ­

c l u d e s  t h e  g r o u n d  s t a t e s  o f  f>He and ^B e .  T h i s  l e v e l  c a n n o t  

d e c a y  i n t o  d  + d ( v i o l a t i o n  o f  b o t h  p a r i t y  and  i s o s p i n  c o n ­

s e r v a t i o n )  and b e c a u s e  no o t h e r  p a r t i c l e  d e c a y s  a r e  e n e r g e t ­

i c a l l y  a l l o w e d  i t  c a n  o n l y  d e c a y  by V e m i s s i o n .  The T=0 l e v ­

e l  a t  4 . 5 7  MeV, f i r s t  s u g g e s t e d  by G a l o n s k y  e t  a l . ( R e f . S )  

f r o m t h e  p h a s e - s h i f t  a n a l y s i s  o f  d - d  s c a t t e r i n g ,  h a s  a v e r y  

b r o a d  w i d t h ( ~ 1  MeV).  ^He + d d e c a y  f ro m  t h i s  s t a t e  h a s  b e e n  

o b s e r v e d ( R e f . 6 ) as. p e a k s  on t h e  a p p r o p r i a t e  k i n e m a t i c  l o c i  

i n  a g r e e m e n t  w i t h  i t s  T=0 a s s i g n m e n t .  The 5 - 3 7  MeV l e v e l  h a s  

a T=1 a s s i g n m e n t  m a k i n g  i t  a member o f  t h e  i s o s p i n  t r i p l e t  

i n c l u d i n g  t h e  1 . 8 0  MeV l e v e l  o f  ^He and t h e  1 . 6 7  MeV l e v e l  

o f  6Be .

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

f o r  t h e  f i r s t  f ew s t a t e s  o f  ^Li  h a v e  b e e n  d o n e .  E x p e r i m e n t a l  

e v i d e n c e  i n d i c a t e s  t h a t  ? L i  ( 3He , c £ )^ L i ( g . s  . ,  2 . 1 8 ) r e a c t i o n  

p r o c e e d s  l a r g e l y  v i a  a D l C d i r e c t  i n t e r a c t i o n )  p r o c e s s e s  f o r  

i n c i d e n t  e n e r g y  i n  t h e  r a n g e  1 . 5 - 5 . 0  MeV a l t h o u g h  t h e r e  i s  

e v i d e n c e  f o r  some c o n t r i b u t i o n  f rom a CNCcompound n u c l e u s )  

m ech an i sm  a t  a r o u n d  2 . 2  MeV i n c i d e n t  e n e r g y C R e f . 1 1 ) .  R e so ­
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n a n c e  a t  t h i s  e n e r g y  h a s  b e en  o b s e r v e d  by W o l i c k i  e t  

a l . ( R e f . 1 2 )  i n  t h i s  r e a c t i o n ,  by Duggan e t  a l .  and Din e t  

a l . i n  t h e  7 L i ( 3 H e » n 0 )9B r e a c t i o n C R e f . 1 3 - 1 4 ) ,  and by P a u l  e t  

a l .  i n  t h e  7 L i ( 3 H e  , X) ** Ob r e a c t i o n ( R e f . 1 5 ) .  I n  t h e  (3He,cO 

r e a c t i o n ,  a n g u l a r  d i s t r i b u t i o n s  f o r  gCQj ^  a t  1 , 2  and 

1 . 8  MeV a r e  i n  mo s t  c a s e s  n o t  s y m m e t r i c  a b o u t  9 0 °  and do n o t  

show p r o n o u n c e d  f o r w a r d  o r  ba ck wa rd  p e a k i n g C R e f . 1 1 ) ,  s u g ­

g e s t i n g  t h a t  t h e  r e a c t i o n  i s  n o t  d o m i n a t e d  by e i t h e r  DI o r  

CN p r o c e s s e s .  The e x p e r i m e n t a l  r e s u l t s  o f  R e f . 11 a r e  i n  

d i s a g r e e m e n t  w i t h  t h o s e  o f  B ro m le y C R e f . 1 6 )  wh ic h  i n d i c a t e d  

a n g u l a r  d i s t r i b u t i o n s  we r e  i s o t r o p i c  a t  2 . 1  MeV.

A number  o f  e x p e r i m e n t s C R e f . 6 , 8 , 1 0 , 1 7 , 1 8 )  on t h e  

r e a c t i o n  ^ L i+ ^ H e — >dt^+^Li* —  >ti+d.2 h a v e  b e en  c a r r i e d  o u t ,  

p r i m a r i l y  t o  i n v e s t i g a t e  t h e  i s o s p i n  p u r i t y  o f  t h e  T=1 , 5 . 3 7  

MeV e x c i t e d  s t a t e  o f  ^ L i . V a l k o v i c  e t  a l . C R e f . 7 )  and Bray  e t  

a l . ( R e f . 8 ) ha v e  found  no e v i d e n c e  f o r  c o n t r i b u t i o n  o f  

s e q u e n t i a l  d e c a y  ^ L i ( 5 . 3 7 )  — > d + d t h r o u g h  t h e  5 . 3 7  MeV

e x c i t e d  s t a t e  i n  ^ L i .  Kane e t  a l . ( R e f . 6 ) hav e  s u g g e s t e d  a 

T=1 a s s i g n m e n t  w i t h  a s m a l l  T=0 i m p u r i t y  c a u s e d  by m i x i n g  o f  

t h e  5 . 3 7  and 4 . 5 7  MeV l e v e l s ,  b o t h  h a v i n g  a p p r o x i m a t e l y  500 

KeV w i d t h .  Debevec  e t  a l . C R e f . 9 )  ha ve  o b t a i n e d  t h e  i s o s p i n  

m i x i n g  r a t i o  cC^=0.008.  Ar temov e t  a l . C R e f . 1 0 ) ha ve  o b t a i n e d  

b r a n c h i n g  r a t i o s  o f  <0 . 1 , 0 . 3 5 + 0 . 1 0 ,  0 . 6 5 + 0 . 1 0  f o r  d e c a y  o f  

t h e  ^ L i ( 5 . 3 7  MeV) s t a t e  v i a  aC + d , p + ^He,  + p + n c h a n ­

n e l s  r e s p e c t i v e l y .  The r e a c t i o n  mec han i sm  i n v o l v e d  -in t h e  

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



6

a d i r e c t  b r e a k u p  i n t o  d  + p + n .  In  s i m i l a r  s t u d i e s  o f  t h e  

r e a c t i o n  ^Li  + ^He,  i t  h a s  been  shown t o  be p r e d o m i n a n t l y  a 

d i r e c t  r e a c t i o n  in  t h e  f i r s t  s t e p ,  a t  some bombard ing  

e n e r g i e s C R e f . 1 9 - 2 2 ) ,  f o r  b o t h  ^Li  and ®Be o u t g o i n g  c h a n n e l s .  

However , i n  t h e  8 ge c h a n n e l ,  V i gn on  e t  a l . ( R e f . 1 9 )  hav e  

■shown t h a t  t h e  compound n u c l e u s  a t  17*64 MeV e x c i t a t i o n  

i s  formed in  t h e  f i r s t  s t e p ,  a t  a ^He bombard ing  e n e r g y  o f

1-.-6 MeV. As t o  t h e  c h a r a c t e r i s t i c s  o f  t h e  b r e a k  up

o f  5 L i ( g . s . )  i n  t h e  s e co n d  s t e p  o f  t h e  r e a c t i o n ,  s e v e r a l  e x ­

p e r i m e n t a l  s t u d i e s ( R e f . 2 0 - 2 2 )  have  i n t e r p r e t e d  t h e  o b s e r v a ­

t i o n  o f  an a s y m m e t r i c  b r e a k u p  on t h e  b a s i s  o f  t h e  RMV 

m od e lC R ef . 2 0 ) .  Heggi e  and M a r t i n ( R e f . 2 3 )  have a l s o  s e en  an

asymmet ry  i n  t h e  n e u t r o n  b r e a k u p  o f  ^He i n  t h e  r e a c t i o n

o f  7 L i ( d , c f ) 5 H e ( g . s )  — > n + ct a t  a d e u t e r o n  bo m bar d i ng  e n e r ­

gy o f  1 MeV. They e x p l a i n e d  t h e i r  d a t a  in t e r m s  o f  t h e  f o r ­

m a t i o n  o f  t h e  ^Be 17*48 MeV s t a t e ( J . + ) w i th  an a d m i x t u r e

a r i s i n g -  f rom t h e  t a i l  o f  t h e  17*28 MeV( | " )  s t a t e ,  i n  t h e  

f i r s t  s t e p  o f  t h e  r e a c t i o n .  More r e c e n t l y ,  Gu p t a C R ef .2 4 )  h a s  

o b s e r v e d  t h e  f o r m a t i o n  o f  t h e  ^B 16 .74  MeV s t a t e  i n  t h e  

f i r s t  s t e p  o f  t h e  r e a c t i o n  ^ L i ( ^ H e ) ^ L i ( g . s )  —  > p + d 2 a t

1 . 5 8  MeV r e s o n a n c e  b o m b ar d i n g  e n e r g y .  At o f f - r e s o n a n c e  bom­

b a r d i n g  e n e r g i e s  o f  1 . 4 7  and 1 . 6 9  MeV Gupta  h a s  shown t h e  

mechani sm to  be q u a l i t a t i v e l y  c o n s i s t e n t  w i th  a d i r e c t  r e a c ­

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

f i r s t  s t e p .

Review o f  t h e  l i t e r a t u r e  c i t e d  above p r o v i d e d  t h e
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m o t i v a t i o n  f o r  t h e  p r e s e n t  s t u d y  o f  t h e  ^ L i ( ^He ,oC>^Li r e a c ­

t i o n .  M e a s u r e m e n t s  w e re  c o n c e n t r a t e d  on t h e  5 . 3 7  MeV ( 2 + , 1 )  

l e v e l  f o r  a number  o f  r e a s o n s .

( 1 )  D i f f e r e n t i a l  c r o s s  s e c t i o n s  f o r  t h e  5 . 3 7  MeV s t a t e  

h a v e  n e v e r  b e e n  m e a s u r e d  b e f o r e ,  p r e s u m a b l y  b e c a u s e  t h e  

u n d e r l y i n g  b a c k g r o u n d  coming  f rom t h e  c( + d ,  ^He + p and
< t

c£ + p +n c o n t i n u a  mak es  a n a l y s i s  o f  t h e  e x p e r i m e n t a l  d a t a  

more  d i f f i c u l t  f o r  t h i s  s t a t e .  A l s o  t h e  ^ L i  r e c o i l s  i n  t h e  

g . s .  and  f i r s t  e x c i t e d  s t a t e  p a r t l y  o v e r l a p  t h e  5 . 3 7  MeV 

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

( 2 )  The  r e l e v a n t  e n e r g y  l e v e l s  o f  I^B c o r r e s p o n d i n g  t o  

t h e  i n c i d e n t  e n e r g y  r e g i o n  s t u d i e d  a r e  a l l  T=1 s t a t e s .  

S h o u l d  r e s o n a n c e s  o c c u r  i n  t h e  ?LiC^He,dC)^Li  r e a c t i o n ,  t h e y  

s h o u l d  p o p u l a t e  T=1 s t a t e s  i n  ^ L i .

( 3 )  The  a p p l i c a b i l i t y  o f  t h e  o p t i c a l  mode l  and DWBA t o  

a r e a c t i o n  i n  w h i c h  a t a r g e t ,  c o n t a i n i n g  o n l y  a few n u ­

c l e o n s ,  i n t e r a c t s  w i t h  a p a r t i c l e  o f  c o m p a r a b l e  m a s s ,  i s  

so m ew ha t  u n c e r t a i n ,  and  i t  i s  t h e r e f o r e  o f  i n t e r e s t  t o  s e e  

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

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

d e s c r i b e  t h e  i n t e r a c t i o n .

( 4 )  The  d e c a y  o f  t h i s  l e v e l  i n t o  d  + d i s  i s o s p i n  f o r ­

b i d d e n  s i n c e  b o t h  a l p h a  and d e u t e r o n  h a v e  T=0,  H ow eve r ,  t h e  

b r o a d  w i d t h s  and  c l o s e  p r o x i m i t i e s  o f  t h e  4 . 5 7 ( T = 0 )  and 

5 . 3 7 ( T = 1 )  s t a t e s  a l l o w s  t h e  p o s s i b i l i t y  o f  i s o s p i n  m i x i n g .  

T h u s ,  t h e  5 . 3 7  MeV s t a t e  m i g h t  c o n t a i n  a s m a l l  a d m i x t u r e  o f  

T=0,  p e r m i t t i n g  a weak d e c a y  b r a n c h  i n t o  d  + d .
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( 5 )  P r e v i o u s l y  r e p o r t e d  b r a n c h i n g  r a t i o s  f o r  t h e  d e c a y  

modes o f  t h i s  l e v e l  a t  a b o m ba r d i n g  e n e r g y  o f  3 2 . 5  MeV h a s  

assumed i s o t r o p i c  d e c a y  wh ich  i s  u n d o u b t e d l y  i n c o r r e c t  s i n c e  

t h e  d e c a y  t h r o u g h  t h e  i n t e r m e d i a t e  s t a t e  i n v o l v e s  L=1 & 3 

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

seems  q u e s t i o n a b l e .

For  t h e  p r e s e n t  t h e s i s  work ,  t h e  main  p u r p o s e  i s  t o  

s t u d y  s e v e r a l  f e a t u r e s  o f  t h e  r e a c t i o n  ^LiC^He , c O ^ L i * , g o i n g  

t h r o u g h  t h e  i n t e r m e d i a t e  s t a t e  a t  5 . 3 7  MeV(2+ ; l )  and s u b s e ­

q u e n t l y  d e c a y i n g  t o  c( + d ,  p + ^He o r  d  + p + n .  Both  t h e  

a n g u l a r  d i s t r i b u t i o n  and e x c i t a t i o n  f u n c t i o n  m e a s u r e m e n t s  o f  

t h e  f i r s t  e m i t t e d  a l p h a - p a r t i c l e  hav e  been  m ea su r e d  i n  t h i s  

work and a r e  u s e f u l  i n  d e d u c i n g  t h e  mec han i sm s  i n v o l v e d  i n  

t h e  f i r s t  s t e p  o f  t h e  r e a c t i o n .  The s t u d y  o f  t h e  b e h a v i o r  o f  

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

n a t u r e  o f  t h e  i n i t i a l  i n t e r a c t i o n  and i s  needed  f o r  t h e  

d e t e r m i n a t i o n  o f  d e c a y  b r a n c h i n g  r a t i o s .  The b r a n c h i n g  r a ­

t i o s  f o r  t h e  v a r i o u s  d e c a y  modes  o f  t h e  ^ L i ( 5 . 3 7 )  s t a t e  hav e  

been  m e a s u r e d  by t a k i n g  c o i n c i d e n c e  s p e c t r a  a t  a s  many a p ­

p r o p r i a t e l y  c h o s e n  a n g l e  p a i r s  a s  p o s s i b l e .



I I .  THEORETICAL BACKGROUND

A. T r a n s f o r m a t i o n s  B e tw e e n  R e f e r e n c e  S y s t e m s

The d e s c r i p t i o n s  o f  many n u c l e a r  phenomena  a r e  e x ­

p r e s s e d  m o s t  s i m p l y  i n  a m ov i ng  r e f e r e n c e  s y s t e m  l o c a t e d  a t  

t h e  c e n t e r  o f  mas s  o f  t h e  i n t e r a c t i n g  p a r t i c l e s .  I t  i s  

n e c e s s a r y  t o  c a l c u l a t e  and e x p r e s s  q u a n t i t i e s  i n  t h e  CM- 

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

r e s u l t s .  T r a n s f o r m a t i o n s  b e t w e e n  r e f e r e n c e  s y s t e m s  u s i n g  a p ­

p r o p r i a t e  f o r m u l a e  a r e  d e s c r i b e d  a s  f o l l o w s :  P r i m ed  s y m b o l s  

d e n o t e  q u a n t i t i e s  e x p r e s s e d  i n  t h e  CM-sys t em,  w h i l e  u n p r i m e d  

s y m b o l s  d e n o t e  q u a n t i t i e s  e x p r e s s e d  i n  t h e  L a b - s y s t e m .

v e l o c i t y  Vc t h e  L a b - s y s t e m ,  t h e n  t h e  v e l o c i t i e s  o f  t h e

i n c i d e n t  p a r t i c l e  and t a r g e t  r e l a t i v e  t o  t h e  c e n t e r  o f  mas s  

a r e

I f  t h e  c e n t e r  o f  mas s  o f  t h e  s y s t e m  t r a v e l s  w i t h

VI VT = Vc

By c o n s e r v a t i o n  o f  momentum

j+m-p
2

h e n c e
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The t o t a l  k i n e t i c  e n e r g y  i n  t h e  CM-system i s  t h u s

i Mt 
Tt o t  =

T r a n s f o r m a t i o n  o f  A n g l e s

The p o s i t i o n  o f  a t  t i m e  t  i n  t h e  L a b - s y s t e m  i s

x = V j ' c o s Q ' t  + -V t  ( 1 )

y =  V j ' s i n Q ' t  ( 2 )

y T ' s i n O ' . .
h e nce  t an© = 2  = ----------------    =- ajJlQ------  ( 3 )

* VT ’ c os © ' + V c os ©’ + K’I  c

, V-
where  K

V 'VI

I t  i s  a l s o  p o s s i b l e  t o  p e r f o r m  t h e  i n v e r s e  t r a n s f o r ­

m a t i o n ,  t h e  r e s u l t  i s

■ t a n © '  = . . . s i rcQ whe re  K = (4)cos© -  K ' Vj

T r a n s f o r m a t i o n  o f  Momentum and K i n e t i c  En e r gy

M u l t i p l y i n g  t h e  two v e l o c i t y  t r a n s f o r m a t i o n s  ( 1 ) - ( 2 )

M t
by — , and u s i n g  P = pc

MI VI c os © /c  = MI v I ' c o s © ' / c  + M ^ / c  

M jV j s i n G/ c  = M j V j ' s i n ®1
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o r  P j  co  s© = P j , ( c o s 9 , - +  K 1) (5 )

PI s i n ©  = P j ' s i n Q'  (6)

From t h e s e  e q u a t i o n s

PI 2 = P l ' 2 ( 1  + 2 K ’ c o s 9 '  + K ’2 ) ( 7 )

and t h e  i n v e r s e  t r a n s f o r m a t i o n s  a r e

P j ' e o s O '  = P j ( cos© -  K) P j  2 = P j 2 (1 -  2 K c os 9  + K2 )

S i m i l a r l y ,  t h e  t r a n s f o r m a t i o n  f o r m u l a e  f o r  t h e  k i n e t i c  e n e r ­

gy a r e

T = T ' C1 + ‘2K 1 c o s © ’ + K ’2 ) T '  = T(1 -  2Kcos© + K2 )

T r a n s f o r m a t i o n  o f  D i f f e r e n t i a l  C r o s s - S e c t i o n

C o n s i d e r  t h e  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 t  t h e  a n g l e  

© ( L a b ) , d e f i n e d  by

(dt f )  _ n 
"332 © -  mo n £ £

w h e r e  n i s  t h e  number  o f  p a r t i c l e s  s c a t t e r e d  t h r o u g h  an a n ­

g l e  © i n t o  a d e t e c t o r  o f  s o l i d  a n g l e  Aq , ' when n Q p a r t i c l e s  

a r e  i n c i d e n t  on a t a r g e t  c o n t a i n i n g  N p a r t i c l e s  p e r  cm2 . 

S i m i l a r l y ,  i n  t h e  CM-sys t em we d e f i n e  t h e  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 t  t h e  c o r r e s p o n d i n g  a n g l e  ©' a s

r_d6L') _ n
k3UT -i© 1 -  no N ZSP"
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The t o t a l  number  o f  d e t e c t e d  p a r t i c l e s  i s  i n d e p e n d e n t  

o f  t h e  r e f e r e n c e  s y s t e m ,  t h u s

n = no N ( |g ) g  m = no N ( ^ f ) e -,01'

f r om w h i c h

(8 )

From f o r m u l a e  ( 6 ) and ( 7 )

4 m P©' = = (1 + 2 K ' c o s © 1 + K ’ 2 ) 1 / 2
P I

From e q u a t i o n  ( 3 )

d 9 ' = d ( t a n © ) / d { t a n © )  _ f 1 + t a n 2 Q) ( oosQ 1 + K 1 ) 2
d© d© d©1 Cl + K' c o s © ')

= [1 + s i n 2 ©1/ ( c o s © 1 + K1 ) 2 ] ( c o s © '  + K 1 ) 2

_ 1 + K 12 + 2 K ’ c o s ©1 
T + K ' c o s © '

T h e r e f o r e ,  f r om e q u a t i o n  ( 8 )

(d<5\ / f 6 6 \  , M + 2 K 1 c o s © 1 + K i 2 ) 3 / 2
l,' a n ; ©/ c 'anT ; © = 1 + K ' c o s © '

s in __________= r c i  -  K ' 2 s i n 2 © ) ^ 2 + K ' c o s © ] 2
s i n g e d  + K ' c o s © ' )  , 1 v  , 2 . 2 ^ \ 1 / 2C1 -  K ,£:s i n c e  ) ' ' &

 1 _________

(1 -  2Kcos© + K2 ) 1 / 2 (1 -  Kcos©)
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B. K i n e m a t i c s  o f  A T h r e e  Body B r e a k u p  R e a c t i o n

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

may be  r e p r e s e n t e d  by t h e  f o l l o w i n g  r e a c t i o n s C R e f . 2 )  :

I  + T  > 1 + 2 + 3  -------------------------------------------------  ( a)
t , = t 2 = 0

I  + T — - > C * -> 1 + 2 + 3 ---------------------------------------  ( b )
t p O  t 2 =0

I  + T  > C * ----> 1 + ( 2 + 3 ) * ------ > 2 + 3 ------------ ( c )
t -|>0 t 2 >0

I  + T — > 1 + ( 2 + 3 ) * -> 2 + 3  -------------------------------  (d)
^ 1=0 ^ 2 ^ 0

H e r e  t ^  a n d t 2 r e p r e s e n t  t h e  t i m e  d e l a y s ( i f  any )  o f

t h e  two s t e p s  o f  t h e  r e a c t i o n .  R e a c t i o n  ( a )  i s  c a l l e d  a

d i r e c t - d i r e c t  o r  s i m u l t a n e o u s  r e a c t i o n .  R e a c t i o n  (b )  may be  

c a l l e d  a d e l a y e d - d ' i r e c t  r e a c t i o n  s i n c e  a compound n u c l e u s  C* 

i s  f o rmed i n  t h e  f i r s t  s t e p  t h e n  s i m u l t a n e o u s l y  b r e a k s  up 

i n t o  t h r e e  p a r t i c l e s .  R e a c t i o n  ( c )  and (d )  may b e ,  r e s p e c ­

t i v e l y  , t e r m e d  d e l a y e d - d e l a y e d  o r  d i r e c t - d e l a y e d  r e a c t i o n s .  

T hes e  l a t t e r  two t y p e s  o f  r e a c t i o n s  a r e  e x p e c t e d  t o  show a 

p eak ed  e n e r g y  s t r u c t u r e  i n  t h e i r  s p e c t r a  s i n c e  t h e r e  w i l l  be  

p r e f e r e n t i a l  e m i s s i o n  o f  p a r t i c l e  1 t o  p r o d u c e  t h e  s e m i ­

s t a b l e  s t a t e  o f  ( 2 +3 ) * .

L e t  us  w r i t e  a t h r e e  bo dy  b r e a k u p  r e a c t i o n  p r o c e e d i n g  

t h r o u g h  a s e q u e n t i a l  p r o c e s s  a s  I  + T — > 1 + (2+3 )  — > 2 + 

3 ,  whe re  (2 + 3 )  r e p r e s e n t s  a bound s t a t e  o f  2 and 3 .  F u r t h e r ­

more ,  a s s u m i n g  t h a t  a l l  t h e  p a r t i c l e s  a r e  c o n f i n e d  i n  a
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p l a n e ,  t h e  c o n s e r v a t i o n  o f  e n e r g y  i s  w r i t t e n  a s

Mj + Mi* + T j  = Mi + Mg + M3 + T-j + Tg + T 3 ( 9 )

w he re  = = P i ^ / ^ m ^  and  i n i t i a l l y  t h e  p a r t i ­

c l e  i s  t a k e n  t o  b e  a t  r e s t .  S i n c e  r e a c t i o n  e n e r g y  o r  Q

v a l u e  i s  d e f i n e d  a s

Q = (Mj + m^) _ ( ^ 1  + Mg + M3 )

e q u a t i o n  ( 9 ) can  b e  r e w r i t t e n  a s

TI  + Q = . 3 / 1  <1 0 )1= 1

The c o n s e r v a t i o n  o f  momentum f o r  a c o p l a n a r  r e a c t i o n  g i v e s

^ 1 = 5  ^ i c o s Q i  ( 1 1 )
i =1

3
0 = S P j S i n © }  ( 1 2 )

i= 1 1 1

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

t h e  i n c o m i n g  p r o j e c t i l e  f o r  t h e  i t h  p a r t i c l e s .  and  63  can 

be  e l i m i n a t e d  f rom e q u a t i o n s  ( 1 0 ) - ( 1 2 ) i n  a s t r a i g h f o r w a r d  

m a n n e r .  The r e s u l t a n t  e q u a t i o n  may b e  e x p r e s s e d  i n  a fo rm 

o f

AT2 + 2BT2 1 / 2  + C = 0 

t h a t  i s ,  a s  a f u n c t i o n  o f  T-| i f  ©1 » ©g a r e  f i x e d ,  w h e r e  

A = M2 + m3
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B = t M1M2 T 1 ) 1 / 2  (cos©.,  COsQ2 + s i n © - , s i n © 2 ) -  (MjMgTj ) 1 / 2 c o s 0 2 

C = T 1 ( Ml + m3 ) + TjCMj -  M3 ) -  2(MI M1TI T 1 ) 1 / 2 c o s G 1 -  M̂ Q 

The s o l u t i o n s  o f  t h e  a b o v e  e q u a t i o n

T, 1 / 2 ( I , )  = -B ±  (B* -  AC)

d e f i n e  a c u r v e  i n  t h e  T., _ t 2 k i n e m a t i c  p l a n e ,  w h i c h  w i l l  

h e r e a f t e r  b e  r e f e r r e d  t o  a s  t h e  k i n e m a t i c  c u r v e .

F o r  t h e  f i r s t  s t e p  o f  a s e q u e n t i a l  p r o c e s s  i n  a 

t h r e e - b o d y  f i n a l  s t a t e  r e a c t i o n  X + T — > 1 + ( 2 + 3 ) ,  t h e  

c o n s e r v a t i o n  o,f e n e r g y  g i v e s

T j  + Q -  T-j + T 23  + E23  ( 1 3 )

whe re  Q = + MT -  M-, -  M2 3  , T2 3  i s  t h e  k i n e t i c  e n e r g y

o f . t h e  boun d  s t a t e  ( 2 + 3 )  and E ^  i s  t h e  e x c i t a t i o n  e n e r g y  o f  

t h e  s t a t e  i n  ( 2 + 3 ) .  S i n c e  t h e  f i r s t  s t e p  o f  a s e q u e n t i a l  

p r o c e s s  r e a c t i o n  r e s u l t s  i n  a t w o - b o d y  f i n a l  s t a t e ,  t h e  

momentum c o n s e r v a t i o n  e q u a t i o n s  f o r  t h e  r e a c t i o n  o c c u r s  i n  a 

p l a n e  a r e  g i v e n  by

p j  =  P-|cosG-j +  P 2 3 c o s 9 2 3  ( 1 4 )

1
0 = P i s i nG- j  + P2 3 s i n 9 2 2 ( 15 )

By e l i m i n a t i n g  P 23  and  ©23 Pnom e q u a t i o n s  ( 1 3 ) - ( 1 5 )  and
2 2 

PI P 1u s i n g  Tj  = T 1 = r e s u l t i n g  e q u a t i o n  i s
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Mj T x -  2 CMjM i I j T-i ) 1 / 2 c o s Q 1 + M -|T -| = M ^ T x  + Q -  T-j -  E2 3 )

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

m e d i a t e  s t a t e  ( 2 +3 ) a r e  g i v e n  by

M t  M i  2 ( M t M 1 T t T 1 ) ' 1 / 2
E 2 3  = T j  ( 1  -  -  T 1 ( 1  +  )  +  ■ p r —  c o s 0 1 +  q

S i m i l a r l y ,  f o r '  t h e  r e a c t i o n  o f  I  + T — > 2 + (1+3)

M i , '  M2 " 2 ( M i M 2 T i T 2 > 1 / 2
13 = T I (1 "  "  T 2 < 1 + K + c o s Q 1 + Q

F o r  a s e q u e n t i a l  p r o c e s s  E 1 i s  r e l a t e d  t o  E2 i n  s u c h  

a way t h a t  i t  c o r r e s p o n d s  t o  a s e g m e n t  on t h e  k i n e m a t i c  

c u r v e ,  whose  l e n g t h  i s  d e t e r m i n e d  by  t h e  w i d t h  o f  t h e  i n t e r ­

m e d i a t e  s t a t e  and  whose  l o c a t i o n  i s  d e t e r m i n e d  by  t h e  e n e r g y  

o f  t h e  s t a t e .  As e x a m p l e s ,  t h e  k i n e m a t i c  c u r v e s  c o r r e s p o n d ­

i n g  t o  s e q u e n t i a l  p r o c e s s e s  i n  t h e  ? L i  ( ^He ,o(  ̂d)o(2 r e a c t i o n  

o c c u r r i n g  v i a  t h e  f o r m a t i o n  o f  e i t h e r  ®Li o r  ^ B e , i n  

t h e  ^ L i ( ^He ,c(p)5He r e a c t i o n  v i a  t h e  f o r m a t i o n  o f  e i t h e r  ^ L i  

o r  ^B e ,  a t  a ^He b o m b a r d i n g  e n e r g y  o f  2 . 1 5  MeV and  ^ L i ( 5 . 3 7 )  

r e c o i l  a n g l e  o f  - 1 2 9 . 6 °  a r e  shown i n  F i g . 2,  T h e s e  s e r v e  a s  

on e  means  o f  t e s t i n g  t h e  c o n s i s t e n c y  o f  t h e  d a t a  w h i c h  w i l l  

b e  t a k e n  f rom t h e  e x p e r i m e n t .  I f  t h e  r e a c t i o n  p r o c e e d s  

s e q u e n t i a l l y ,  i t  i s  e x p e c t e d  t h a t  i n t e n s i t y  p e a k s  w i l l  a p ­

p e a r  a l o n g  t h e  k i n e m a t i c a l l y  a l l o w e d  l i n e  i n  t h e  ( E ^ g ^ )  

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

t h e  i n t e r m e d i a t e  n u c l e i .  However ,  t h e  k i n e m a t i c  c u r v e  f o r  a 

s i m u l t a n e o u s  p r o c e s s ,  i n  w h i c h  t h e  bou nd  s t a t e  o f  ( 2 +3 ) i s



a—a  K i n e m a t i c  C u r v e  f o r  t h e  R e a c t i o n

7 Li(3 H e ,a d )a

F i g .  2

A c tu r a l K in em a tic  C u rve ■

A fte r  in tr o d u c in g  M ylar Foil 
i n  f r o n t  o f  D etector

6U (2.18) 

6Li(3.56)

6L i(4,57)

^ 1(5 .3 7 )

8I3e(2.94)

E3a#= 2 .1 5  M eV

e = 3 0 .cr

aLi{2.18) 
CU (5.37)

a13o(2.9i) 
®Li(4.57) 

fiLi(3.5G) 
aLi(3.56)

a  +  p  4- n  
K in e m a tic  R egion

j— i— i— i— j— i— i— i— |— i—

®Li(4:.57) 
eLi(5.37) 

b B g ( 2 . 9 4 )  

6Li(2.18)

E ^ M e V )

^ ( 2 .1 8 )

6U (3-56)

eLi(4,57) 
eBe(2,94.-) 

6Li(5.37)
11— l 

12
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n o t  f o rmed ,  i s  a c o n t i n u o u s  c u r v e ,  i . e , , E ^  l i e s  a l l  o v e r  t h e  

k i n e m a t i c  c u r v e  a s  a f u n c t i o n  o f  E2 .

For  t h e  f o u r - b o d y  f i n a l  s t a t e  r e a c t i o n s ,  t h e r e  i s  a 

k i n e m a t i c  r e g i o n  i n s t e a d  o f  a k i n e m a t i c  c u r v e .  A v e r t i c a l  

ban d  w i t h  i t s  two e n d s  c o r r e s p o n d i n g  t o  t h e  maximum and 

minimum o f  E2 d e f i n e s  t h i s  r e g i o n ,  w h i c h  r e p r e s e n t s  t h e  p r o ­

c e s s  o f  d i r e c t  b r e a k u p  i n t o  d( + p + n .

C. V e l o c i t y  V e c t o r  D ia g ra m

W hi l e  t h e  c r o s s  s e c t i o n  f o r  a two p a r t i c l e  r e a c t i o n  

d e p e n d s  o n l y  on two i n d e p e n d e n t  k i n e m a t i c a l  v a r i a b l e s ,  t h e r e  

a r e  f i v e  s u c h  v a r i a b l e s  i n  t h e  c a s e  o f  a t h r e e  body  f i n a l  

s t a t e  r e a c t i o n .  T h e r e f o r e ,  t h e  k i n e m a t i c s  o f  t h e  f i n a l  s t a t e  

o f  a t h r e e  body  b r e a k u p  r e a c t i o n  c an  n o t  b e  c o m p l e t e l y  

s p e c i f i e d  by u s i n g  a s i n g l e  d e t e c t o r .  Howeve r ,  i t  can  be  

s p e c i f i e d  t h o r o u g h l y  by  d e t e c t i n g  two o f  t h e  p a r t i c l e s  i n  

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

a t  l e a s t  one  o f  t h e m .

The m o s t  c o n v i e n e n t  way o f  l o o k i n g  a t  t h e  k i n e m a t i c s  

o f  a t h r e e  body b r e a k u p  r e a c t i o n  i s  by d r a w i n g  a v e l o c i t y  

v e c t o r  d i a g r a m .  A v e l o c i t y  v e c t o r  d i a g r a m  h a s  be en  dr awn f o r  

b o t h  t h e  7 L i ( 3H e  ,c( 1 d)ci2 and  t h e  ?Li ;(3He ,pcC1 )^He — > n + <f2 

r e a c t i o n  and i s  shown i n  F i g , 3 . A l l  t h e  v e c t o r  l e n g t h s  and 

r e l e v a n t  a n g l e s  n e e d e d  t o  d r aw  a v e l o c i t y  v e c t o r  d i a g r a m  can
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V e l o c i t y  V e c t o r  D i a g r a m  f o r  t l i e  R e a c t i o n

7L i(3He,oc)6Li

F i g .  3

E ^ - 2 . 1 5  M eV

G ^ O . O 0 

f?K= —1 2 9 .6 °

Dea.:
'SCM

e-i-pjRCM
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b e  c a l c u l a t e d  by u s i n g  t h e  c o n s e r v a t i o n  o f  e n e r g y  and  momen­

tum e q u a t i o n s .

The v a r i o u s  v e l o c i t i e s  r e q u i r e d  i n  t h e  v e l o c i t y  v e c ­

t o r  d i a g r a m s  c a n  b e  c a l c u l a t e d  by  u s i n g  t h e  f o l l o w i n g  e x ­

p r e s s i o n s :

v - „ M1 ( 2̂ 1 ) 1 / g
c " M1+m2 ,

V ' -  r 2M ( M2E 1 , n n n t / 2
3 -

v ’ ,  E , 2 M 3 (-M2EJ - ^ n ) 3 1/2 _ ^  ■
LM(M3+M) t M1+M2+y JJ  -  MV3

v 4 " LR ^ r Q Q )J

v " -  r2 Ml4 (om o n u 1 / 2  -  %  "
5 " LM5m(Q Q ) J  '  H5V|»

v ' ”  = HI] 1 / 2
6 M5M6

V7 -  .  ^ V 6 '"

w h e re  p a r t i c l e  1 i s  t h e  i n c i d e n t  p r o j e c t i l e ;  2 ,  t h e  t a r g e t ;  

3 ,  t h e  f i r s t  p a r t i c l e  e m i t t e d  i n  t h e  s e q u e n c e ;  4 and  5 a r e  

t h e  b r e a k u p  p a r t i c l e s  f r om t h e  r e c o i l i n g  n u c l e u s ;  and 6 and

7 a r e  t h e  b r e a k u p  p a r t i c l e s  r e s u l t i n g  f rom t h e  d e c a y  o f

p a r t i c l e  5 .  The v a r i a b l e s  w i t h o u t  s u b s c r i p t s  r e f e r  t o  t h e

r e c o i l i n g  s y s t e m ,  ( 4 + 3 ) .
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Qm -  [M1+M2 _M3 -Mil-M5 ] c 2

where  t h e  s u p e r s c r i p t  m r e f e r s  t o  a s p e c i f i c  c o m b i n a t i o n  o f  

i n t e r n a l  s t a t e s  o f  p a r t i c l e s  3 , 4 and 5 .

Qn = [M1+M2 -M3 -Mn ] c 2

w here  n r e f e r s  t o  a p a r t i c u l a r  c o m b i n a t i o n  o f  i n t e r n a l  

s t a t e s  o f  t h e  r e c o i l i n g  s y s t e m .

Em = (M5m-M6 _M7 ) c 2 

when p a r t i c l e  5 u n d e r g o e s  b r e a k  up i n t o  6 and 7 -

D. A n a l y s i s  o f  R e a c t i o n  Mechanism

The o c c u r r e n c e  o f  r e s o n a n c e  s t r u c t u r e  i n  t h e  e x c i t a ­

t i o n  c u r v e s  f o r  ^He i n d u c e d  r e a c t i o n s  i n d i c a t e s  t h a t  t h e s e  

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

n u c l e u s ( C N )  and d i r e c t  i n t e r a c t i o n ( D I ) mechan i sms  and i n ­

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

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

c o m p l i c a t e d  CRef . 1 6 ) .

The a n g u l a r  d i s t r i b u t i o n s  o f  CN-dominat ed  r e a c t i o n  

c r o s s  s e c t i o n s  ha v e  q u a l i t a t i v e  p r o p e r t i e s  t h a t  depend  on 

t h e  e x t e n t  o f  a v e r a g i n g  o v e r  r e s o n a n c e s C R e f . 2 6 ) .  Thus an 

i s o l a t e d  r e s o n a n c e  i n c o r p o r a t e s  b a s i s  s t a t e s  o f  o n l y  one  

p a r i t y ,  t h e r e f o r e  i n  e a c h  e x i t  c h a n n e l  i t  c o u p l e s  o n l y  t o
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p a r t i a l  wa ves  t h a t  a r e  a l l  odd o r  a l l  e v e n .  T h e r e f o r e  t h e  

e n s u i n g  d i f f e r e n t i a l  c r o s s  s e c t i o n s  a r e  s y m m e t r i c  a b o u t  f 9 0 °  

s c a t t e r i n g  a n g l e  i n  t h e  CM s y s t e m .  Any o v e r l a p  o f  r e s o n a n c e s  

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

and e v en  p a r t i a l  wa ves  and  t h e r e f o r e  a l l o w s  f o r e - a f t  a sym­

m e t r y  t o  a p p e a r .  The a n g u l a r  d i s t r i b u t i o n  may p e a k  i n  e i t h e r  

t h e  f o r w a r d  o r  b a c k w a r d  h e m i s p h e r e .  Howeve r ,  t h i s  i n t e r f e r ­

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

a v e r a g i n g  o v e r  many r e s o n a n c e s ,  e i t h e r  by a v e r a g i n g  o v e r  E 

o r  by  g o i n g  t o  c i r c u m s t a n c e s  i n  w h i c h  many r e s o n a n c e s  o v e r ­

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

s y m m e t r i c  a b o u t  9 0 ° .  Unde r  . s p e c i a l  c o n d i t i o n s ( R e f . 2 7 , 2 8 ) ,  

t h i s  c r o s s  s e c t i o n  may b e  i s o t r o p i c .

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

s t a t e s  o f  h i g h  a n g u l a r  momentum( R e f . 2 9 ) ,  and  t h e y  p r o b a b l y  

i n d i c a t e  a DI m e c h a n i s m C R e f . 2 6 ) ,  A n g u l a r  d i s t r i b u t i o n s  t h a t  

show a f o r e - a f t  a s y m m e t r y  t h a t  p e r s i s t s  o v e r  a l a r g e  e n e r g y  

r a n g e  a l s o  m u s t  i n v o l v e  a DI r e a c t i o n  m e c h a n i s m .  P e r s i s t e n t  

a s y m m e t r i e s  i n d i c a t e  p e r s i s t e n t  p h a s e  r e l a t i o n s  among o v e r ­

l a p p i n g  CN l e v e l s  o f  o p p o s i t e  p a r i t y  and t h e s e  i n d i c a t e  t h e  

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

A l t h o u g h  a p u r e  CN m e c h a n i s m  a l s o  a l l o w s  a s y m m e t r i c  a n g u l a r  

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

f o r w a r d ( R e f . 2 6 ) .

• The p e r s i s t e n t  DI a n g u l a r  d i s t r i b u t i o n s  o f t e n  show 

s t r o n g  f o r w a r d  p e a k i n g .  How eve r ,  s t r o n g  d i s t o r t i o n  e f f e c t s
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c a n  s p o i l  t h e  f o r w a r d  p e a k i n g  o f  DI a n g u l a r  d i s t r i b u t i o n s  

and c an  e v e n  c a u s e  p e a k i n g  i n  t h e  b a c k w a r d  

h e m i s p h e r e C R e f . 2 6 ) .  Such  f a i l u r e s  o f  f o r w a r d  p e a k i n g  a r e  

e s p e c i a l l y  l i k e l y  a t  l ow b o m b a r d i n g  e n e r g y .

The p a r t i a l  waves  t h a t  a r e  m o s t  s t r o n g l y  d i s t o r t e d  by 

t h e  f i e l d  o f  t h e  t a r g e t  c o r e  t e n d  n o t  t o  i n i t i a t e  DI 

p r o c e s s e s .  T h i s  may b e  t h e  r e a s o n  why f o r w a r d  p e a k i n g  s u r ­

v i v e s  a s  a m a j o r  a s p e c t  o f  DI r e a c t i o n s C R e f . 2 6 ) .

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

w i t h  b o m b a r d i n g  e n e r g y  s u g g e s t s  a compound n u c l e u s  m ec h an i sm  

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

f o r w a r d  p e a k i n g  o r  b a c k w a r d  p e a k i n g ,  w h i c h  be c o m e s  more  p r o ­

no u n c e d  w i t h  i n c r e a s i n g  e n e r g y ,  s u g g e s t s  a d i r e c t  

r e a c t i o n ( R e f . 1 6 ) .  Fo r  e x a m p l e ,  a n g u l a r  d i s t r i b u t i o n s  i n  

t h e  ^ 0 (^He,c ( ) ^ 0  r e a c t i o n  m e a s u r e d  a t  o n - r e s o n a n c e  e n e r g y  

show c h a r a c t e r i s t i c  sym m et ry  a b o u t  9 0 °  i n  t h e  c e n t e r  o f  mas s  

s y s t e m C R e f . 3 0 , 3 1 ) •  At s l i g h t l y  h i g h e r  e n e r g y ,  a t  t h e  minimum 

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

shows a l a c k  o f  s y m m e t r y  and  an i n c r e a s e  i n  t h e  c r o s s  s e c ­

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

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

p l e t e l y  masked  a t  s t r o n g  compound n u c l e u s  r e s o n a n c e s .  I n  t h e  

c a s e  o f  t h e   ̂ (^He , p) ^ 0 * r e a c t i o n ( R e f  .31 ) , t h e  i s o t r o p y  o f  

a l l  t h e  p r o t o n  and y r a d i a t i o n  a n g u l a r  d i s t r i b u t i o n s  a s  w e l l  

a s  o f  t h e  p- Y  a n g u l a r  c o r r e l a t i o n s ,  t o g e t h e r  w i t h  t h e  o b ­

s e r v e d  l a c k  o f  s t r u c t u r e  i n  t h e  e x c i t a t i o n  c u r v e s ,  s u g g e s t  a
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compound s y s t e m  r e a c t i o n  m e c h a n i s m .

An a s y m m e t r y  a b o u t  R C M ( r e c o i l i n g  c e n t e r  o f  m a s s )  s y s ­

tem f o r  t h e  s e c o n d a r y  d e c a y  i n  t h e  s e q u e n t i a l  

r e a c t i o n  ^LiC^He , c O ^ L i —  >d+p was a c c o u n t e d  f o r  a s  a p r o t o n  

l o c a l i z a t i o n  by Re im an n ,  M a r t i n ,  and V o g t  u s i n g  t h e  RMV 

m o d e l ( R e f . 2 0 ) .  A c c o r d i n g  t o  t h i s  m o d e l ,  w h i c h  i s  e s s e n t i a l l y

g e o m e t r i c a l ,  t h e r e  a r e  two p o s s i b l e  t y p e s  o f  d i r e c t  i n t e r a c -
6 3 5t i o n s  t h a t  c a n  o c c u r  i n  t h e  f i r s t  s t e p  o f  t h e -  L i t  He,c£) L i  

r e a c t i o n ;  e i t h e r  a n e u t r o n  t r a n s f e r  o r  a d e u t e r o n  t r a n s f e r  

f r om t h e  ^ L i  t a r g e t  n u c l e u s  t o  t h e  i n c o m i n g  . A f o r w a r d  

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

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

d i s t r i b u t i o n  c u r v e  p r o b a b l y  i n d i c a t e s  a d e u t e r o n - t r a n s f e r .

H e g g i e  e t  a l . h a v e  i n d i c a t e d  t h a t  a s h i f t  i n  t h e  

min imun  o f  t h e  a n g u l a r  c o r r e l a t i o n  p a t t e r n  away f ro m  t h e  

r e c o i l  d i r e c t i o n  c an  a l s o  be  p r o d u c e d  by  a CN f o r m a t i o n  i n  

t h e  f i r s t  s t e p  o f  a s e q u e n t i a l  p r o c e s s  r e a c t i o n  p r o v i d e d  two 

CN s t a t e s  o f  o p p o s i t e  p a r i t i e s  p a r t i c i p a t e  i n  t h e  

r e a c t i o n ( R e f . 2 3 ) •  Su c h  a p o s s i b i l i t y  m i g h t  e x i s t  i n  

t h e  ? L i ( ^ H e , c ( p ) ^ H e  r e a c t i o n  a t  1 . 4 4  MeV ^He b o m b a r d i n g  e n e r ­

gy  w h e r e  t h e  1 8 . 8  MeV 10B s t a t e  (<60 0  KeV, 2+ ) w i l l  be  

f o r m e d .  At t h i s  b o m b a r d i n g  e n e r g y ,  e i t h e r  t h e  1 8 . 4 3  MeV l e v ­

e l  i n  10B ( 3 4 0  KeV, 2 " )  a n d / o r  t h e  19 -3  MeV l e v e l  ( 19 0+ 20

KeV, 2~)  may b e  e x c i t e d ( F i g . 4 ) .  T h e r e f o r e ,  an o b s e r v a t i o n  o f  

an a s y m m e t r y  a b o u t  t h e  r e c o i l  a x i s  c o u l d  be  due  t o  i n t e r f e r ­

e n c e  b e t w e e n  t h e  two CN s t a t e s  o f  o p p o s i t e  p a r i t i e s .  F u r t h e r
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20  . 1
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F i g . 4  R e l e v a n t  P a r t  o f  E n e r g y  L e v e l s  o f
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i n f o r m a t i o n  c a n  be  o b t a i n e d  by  e x a m in g  . t h e  p e r i o d i c i t y  i n  

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

f r a m e .  By a p p l i c a t i o n  o f  B o h r ' s  sym m et ry  p r i n c i p l e ( R e f . 3 2 ) ,  

a 180°  p e r i o d i c i t y  i n  t h e  a n g u l a r  c o r r e l a t i o n  d a t a  m e a s u r e d  

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

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

o f  w e l l  d e f i n e d  p a r i t y .

E.  DWBA T h e o r i e s

The  t r a n s i t i o n  a m p l i t u d e  f o r  t h e  r e a c t i o n  A ( a , b ) B  u s ­

i n g  DWBA i s  o f  t h e  fo rm

DW / \ £ / \
Ti f  = J T d r ^ d r ^ / "  J ( k f  , r f ) <bB{ V ! aA>XjL<k+ ; , r i ) ( 1 6 )

w h e re  and + ) a r e  t h e  d i s t o r t e d  w a v e s ,  r i  = r a " r A

and  r f  = r b  -  r g  a r e  t h e  r e l a t i v e  c o o r d i n a t e s ,  and  J i s  t h e  

J a c o b i a n  o f  t h e  t r a n s f o r m a t i o n  t o  t h e s e  c o o r d i n a t e s .  The 

q u a n t i t y  <bB!V'iaA> i s  t h e  fo rm  f a c t o r  f o r  t h e  r e a c t i o n  and 

m u s t  c o n t a i n  a d e l t a  f u n c t i o n  f o r  t h e  c o o r d i n a t e s  r g and r b . 

I t  c o n t a i n s  a l l  t h e  i n f o r m a t i o n  on n u c l e a r  s t r u c t u r e ,  on a n ­

g u l a r  momentum s e l e c t i o n  r u l e s ,  and even  on t h e  t y p e  o f  

r e a c t i o n  b e i n g  c o n s i d e r e d .  I f  we d e f i n e  t h e  t r a n s f e r  a n g u l a r  

momentum t o  be

t h e n  t h e  n u c l e a r  m a t r i x  e l e m e n t  b e co m es
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J<bB j V i aA> = J < J BMB, s bmb jV | J AMA,s 'a ma >

<Sa s b ; ma » " mb ! s ' ma " tnb> < l s fni’ma " mb ! j » MB-MA> (17 )

w he re  m = Mg + mb -  MA -  ma . The sy m b o l s  bB,  aA a s  a r g u m e n t s

turn n u m b e r s f o t h e r  t h a n  z - c o m p o n e n t s  o f  s p i n ) .  I t  i s  o f t e n  

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

Gl s j , m ( r f  , r j . )  = A i s j  f i s j  , m ( r f  , r j . )

so  t h a t  s t a n d a r d  t y p e s  o f  form f a c t o r s  w i t h  s i m p l e  n o r m a l i ­

z a t i o n  may b e  u sed  i n  c o m p u t a t i o n .  Wi th  t h e  i n t r o d u c t i o n  o f

( 1 7 )  i n t o  (1 6 )  t h e  DW t r a n s i t i o n  a m p l i t u d e  r e d u c e s  t o . a sum 

o v e r  m u l t i p o l e  c o n t r i b u t i o n s  i n  a s t a n d a r d  form o f

In  mo s t  c u r r e n t  d i s t o r t e d  waves  c a l c u l a t i o n s  t h e  d i f ­

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

moved by t h e  a s s u m p t i o n  t h a t  t h e  form f a c t o r  i s  o f  v e r y

d e n o t e  i t s  d e p e n d e n c e  on t h e  v a r i o u s  n u c l e a r  qu a n -

5 ( 2 1 + 1 ) 1 / 2 A 
I s j

He re  t h e  r e d u c e d  a m p l i t u d e  i s  d e f i n e d  so t h a t

( 21+1 r  s j

( 18 )
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s m a l l  r a n g e .  T h i s  z e r o - r a n g e  a p p r o x i m a t i o n  h a s  t h e  p h y s i c a l  

m ea n i n g  t h a t  t h e  l i g h t  p a r t i c l e  b i n  c h a n n e l  f  i s  a ssumed  t o  

be  e m i t t e d  a t  t h e  same p o i n t  a t  wh ic h  t h e  l i g h t  p a r t i c l e  a 

i n  c h a n n e l  i  i s  a b s o r b e d .  Fo r  e x a m p l e ,  i f  t h e  r e a c t i o n  i n ­

v o l v e s  x - p a r t i c l e  t r a n s f e r :  B -A=x=a -b ,  t h e  ZRA i m p l i e s

r a = r = Tx and t h e r e f o r e

MAr A + Mx r x _ MA „ 
r f  = r b -  r B = r a -  -  ^  + ^  = i

whe re  Mg = ma + Mx . The form f a c t o r  c an  t h u s  b e  e x p r e s s e d  a s

J z e r o )  ma Ma ,
1 s j ,m (rf»r i> = *>trf " riJJ'flsj ,m( s + Mjjj ri»r i5d s

M,
-  F l s j Cr i )Yl * ( p i ) ^ Crf  “ r i 5 

C o n s e q u e n t l y ,  e q u a t i o n  ( 1 8 )  r e d u c e s  t o  t h e  form o f

( 2 l + 1 ) 1 / 2 iljBlfO = ^ d 3 r X f C " ) * ( k f r ) F l s  . ( r ) (* )  X
B

x i (+ ) (k i , r )  (19)

The d i s t o r t e d  waves  i n  t h e  form o f  t h e  p a r t i a l  wave 

e x p a n s i o n s  a r e

Xi C + ) (k i . r i >  = .S i 1* l t f l l f i l (lc1 . r 1) Y l « ' i )Kl, ( * 1)l 1 i  1 ,m

Xf C * ( k f i r f )  = T tT f- 5 1 l e  f  f f l < k f > r f ) Yl (Kf > Yl  ( P f )
i ‘ f  l  ,m

i n s e r t i n g  i n t o  ( 1 9 ) and i n t e g r a t e  t h e  a n g u l a r  p a r t  y i e l d s
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1 /?
* lm .  . L i - L f - l ^ i L i + i t f f L f  r 4 n ( 2 L f  + 1 )  ' ^  l s j
P s i  = 5 1 e [ VA1.. ,  n  3 L„i ,

Li
Mf

SJ .  LiV  L -  ' >  J Lf k

#
Mf Mi

<Lf l ;OOSLi O X L f l ; M f m!Li Mi >YL CRf )YL <Ki )  ( 20 )

whe re

l L f Li  = ^  T J ^ J o ° ° Fl s j ( : r ) f f L f t k f ^  r ) f i L i ( k i » r ) d r

I t  i s  o f t e n  o f  i n t e r e s t  t o  c h o o s e  t h e  c o o r d i n a t e  a x e s

so t h a t  t h e  z - a x i s  l i e s  a l o n g  k i  a nd t h e  y - a x i s  l i e s  a l o n g

k i  x k f .  In  s u c h  a c a s e  e q u a t i o n  ( 2 0 )  r e d u c e s  t o  t h e  more

c o m p a c t  form

pl-5 = 5 1Ll - Lf - y ffi Li + w 'fLf (aL + 1/2 ! l s J x
SJ Ll L f  Lf L i

<Lf i ; 0 0  J L i O X L f l ;  - m l miLi 0>YL™t e » 05

w h e r e  © i s  t h e  s c a t t e r i n g  a n g l e ,  t h e  a n g l e  b e tw e e n

k i  and k f .

I n s e r t  t h e  a m p l i t u d e  i n t o  

d<5if MlMf ,Kf . ,
■ 3 5 7 ------------ r r  v r  i f 1

f  C2nTS ) 2 1

sum o v e r  f i n a l  s p i n  p r o j e c t i o n s  and a v e r a g e  o v e r  i n i t i a l  

s p i n  p r o j e c t i o n s .  T h e r e f o r e
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M  8 1F ) ( r ) ( 2 v . i r 1 ( 2 s a + i > - 1 s  !Tl f i 2  c a n
( 2 nH ) 2 1 1 MA»MB

ma *mb

_ P i P f  n a ! n A! 2 J b +1 , , 2 ^ . a i m . 2 (2 2 )
( 2 ii1i2 ) 2 t ¥ I H n b ! n B! ^ i - , - ( 2 8 a + „ 1S ;1 ' Al » j l  S ' P . J '  C22>

n  , n ,
The f a c t o r  Nr / N n- = f r n  r  i n s e r t e d  i n t o  ( 2 1 )  t o  a c c o u n t

1 1 b ■n B*
f o r  t h e  n u m b e r s  o f  e q u i v a l e n t  a r r a n g e m e n t s  o f  n u c l e o n s  i n  

c h a n n e l s  i  and f .  The sum o v e r  l , s , j  i s  i n c o h e r e n t  a s  i f  

e q u a t i o n  ( 2 2 ) w e r e  a d e s c r i p t i o n  o f  a t o t a l  c r o s s  s e c t i o n  

f o r  t h e  " c a p t u r e "  o f  t h e  l , s , j  m u l t i p o l e .  Thus  d i f f e r e n t  

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

f e r e n t i a l  c r o s s  s e c t i o n .  T h i s  p r o p e r t y  i s  a v e r y  b a s i c  

r e s u l t  o f  t h e  d i s t o r t e d - w a v e s  a p p r o x i m a t i o n .

The c o m p u t e r  c o d e  DWUCK4 c a l c u l a t e s  t h e  s c a t t e r i n g  

d i f f e r e n t i a l  c r o s s  s e c t i o n  f o r  a g e n e r a l  f o rm o f  t h e  d i s ­

t o r t e d  wave Born  a p p r o x i m a t i o n .  The c a l c u l a t i o n s  a r e  p e r ­

f o r m ed  i n  a z e r o  r a n g e  a p p r o x i m a t i o n  b e t w e e n  t h e  c o o r d i n a t e s  

o f  t h e  i n c o m i n g  and t h e  o u t g o i n g  w a v e s .  The p r o g r a m  c o m p u t e s  

t h e  c r o s s  s e c t i o n s :

l s i  ki. 2 4 mmgiDjj^ l s j  _ 1 (-CZ'i2 1 .0X1CT * i?  12
DW " W E T eT  k AB} 2 s +1 * l s j  13 b a a . mm^m^

i n  u n i t s  o f  fm2 / s t e r  ( 1 fm 2 = 10 m b ) ,  w h e r e  C i s  t h e  m a s s  o f  

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

T h e r e f o r e  t h e  c r o s s  s e c t i o n  i s
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d g l s j  _ 2 J B + 1 ■ Bl s j  ' 2 g Dw'
dfl 2 J A + 1 1 . 0 X1 0 4 2 J + 1

mmamb
where  t h e  r e l a t i o n  b e tw ee n  S , . and t h e  r e d u c e d  a m p l i t u d el s j

o f  e q u a t i o n  ( 2 2 ) i s
1 SJ

inmamb mmamb ma “ m“ mb
S i s j  * £  P i . J i L ,  p Lb « >

The q u a n t i t y  B^s j  i s  a m e a s u r e  o f  t h e  s t r e n g t h  o f  t h e  i n ­

t e r a c t i o n  and i s  e q u a l  t o  [ ( 2 s + 1 ) / ( 2 s + 1 ) ] * /^ A ,  . whe re
3  J- S  J  *

^ l s j  s p e c t r o s c o p i c  c o e f f i c i e n t  i n  e q u a t i o n  ( 2 2 ) .

F .  P h a s e  S p a c e  D i s t r i b u t i o n s

The e n e r g y - a n g u l a r  d i s t r i b u t i o n  d2 o,/dEdH  f o r  one  o f  

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

i n g  t r a n s i t i o n  p r o b a b i l i t y  w h i c h  h a s  t h e  f o r m ( R e f . 4 3 )

lu = ^ ! < b | H  |a> i 2^  

whe re  < b ‘Hia> i s  t h e  m a t r i x  e l e m e n t  f o r  t h e  t r a n s i t i o n  

f rom i n i t i a l  s t a t e  a t o  f i n a i  s t a t e  b ,  and dN/dE i s  t h e  d e n ­

s i t y  o f  f i n a l  s t a t e s .  Fo r  d i r e c t  b r e a k - u p ,  < b | H | a >  i s  com­

monly  a s sumed  t o  be  a c o n s t a n t ,  so  t h a t  t h e  d e c a y  p r o b a b i l i ­

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

The d e n s i t y  o f  s t a t e s  f a c t o r  dN/dE f o r  ^L i  — > c(+p+n 

d e c a y  i s  p r o p o r t i o n a l  t o  [ £ ^ ( 0 / 3  -  E^ ) ] 1 / 2  ( R e f . 4 4 ) ,  whe re  

£^ i s  t h e  a l p h a - p a r t i c l e  e n e r g y  and Q = 1 . 6 7  MeV i s  t h e  t h r e e
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b o d y  d e c a y  e n e r g y

F o r  c o m p a r i s o n  b e t w e e n  t h e  t h e o r e t i c a l  p h a s e  s p a c e

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

t r u m ,  a c o o r d i n a t e  t r a n s f o r m a t i o n  d i r e c t l y  f r o m  t h e  CM- 

s y s t e m  t o  t h e  LAB- sys t em  u s i n g  t h e  a p p r o p r i a t e  J a c o b i a n  h a s  

b e e n  c a l c u l a t e d .  The e x p r e s s i o n  d e r i v e d  i s  a s  f o l l o w s :

p r i m e d  and u n p r i m e d  s y m b o l s  d e n o t e  q u a n t i t i e s  e x p r e s s e d  i n  

t h e  CM-sys t em and LAB- sys t em  r e s p e c t i v e l y .

T r a n s f o r m a t i o n s  b e t w e e n  E and  E 1; 9 and 9 ’ h a v e  b e e n  d e r i v e d  

e a r l i e r  i n  s e c t i o n  I I  w i t h  t h e  r e s u l t s

E = E 1(1 + 2 K c o s 9 ’ + K2 )

t a n 9  = s i n 9 ?/ ( c o s 9 '  + K)

The e x p r e s s i o n  f o r  t h e  e n e r g y  s p e c t r u m  o f  o u t g o i n g  

p a r t i c l e  co ming  f rom t h e  s e c o n d a r y  b r e a k - u p  o f  a s e q u e n t i a l

d 2 cr/dEd£L = J Ld 2 cr /dE 'd£t '

w h e r e c o s 9 '  + K 
 C7TS9-----

The p a r t i a l  d e r i v a t i v e s  o f  t h e  c o o r d i n a t e s  a r e

1 + 2 K c o s 9 1 + K2
1 + K c o s 9 '

1 + 2 K c o s 9 '  + K2
( K / 2 E 1 ) s i n 9 ’
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t w o - s t a g e  n u c l e a r  r e a c t i o n  o f  t h e  fo rm

a  + b  —  y C + Dj
iiI
 ----- > F + G

h a s  b e e n  d e v e l o p e d  by M o r i n i g o C R e f . U5) f o r  t h e  c a s e  o f  i n ­

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

Assuming  i s o t r o p i c  d e c a y ,  t h e  r e s u l t  i s

t I
d^CT/dHdE = i U g ^ + u ^ - 2 u g z ) “ 1 / 2  pv w1 ( v ) w ' ' (w)vdv  ( 2 3 )

in ' V 1

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

e n t i r e  s y s t e m ,  r e l a t i v e  t o  t h e  L ab ,  v t h e  v e l o c i t y  o f  C r e ­

l a t i v e  t o  t h e  c e n t e r  o f  m a s s ,  w t h e  v e l o c i t y  o f  G r e l a t i v e  

t o  t h e  c e n t e r  o f  m as s  o f  F and G, and  g t h e  v e l o c i t y  o f  G

r e l a t i v e  t o  t h e  L a b . ,  z =c o sQ ,  G i s  t h e  a n g l e  b e t w e e n  u and

g .  The g e o m e t r i c  r e l a t i o n s  b e t w e e n  t h e s e  v e l o c i t y  v e c t o r s  

a r e  i l l u s t r a t e d  i n  F i g .  5 .  W*(v) and WH( v )  a r e  t h e  p r o b a b i l ­

i t y  d i s t r i b u t i o n  f u n c t i o n s  o f  v and w r e s p e c t i v e l y ,  v 1 and 

v"  a r e  t h e  two p h y s i c a l l y  m e a n i n g f u l  r o o t s  o f

+ t +  Cpv0 2 ( 1 + p ) - p t 2 ] 1 / 2
v = r n i ----------------

w he re  t  = ( g 2 +u 2 - 2 u g z ) 1

m^mpC mjj+m^)

^ ^D^G(mG+mF )

Assuming  t h a t  W ' ( v )  and W"(w) b o t h  h a v e  t h e  a n a l y t i c  

f o rm o f  s i m p l e  r e s o n a n c e s ,
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W '( v )  = __  1 _______  W’ ’ (v )  = _  „___ )_______
<vH-»r 2 )2 +,\2 ’ (w2 -w r 2 ) 2 + P 2

w h e r e  w = Cp C v 2 - v 2 ) ] 1 / 2 , v 2 = 2 m
Q+Emg/(m^+mp)

°  * o ~ D

By c h a n g i n g  t h e  v a r i a b l e s  E = v2 , dE=2vdv ,  E ' = E ( v ' ) ,  

E , , = E ( v l , ) > E q u a t i o n  ( 2 3 )  be co m es

= Sj(g2 + u 2 - 2 u g z )  - 1  / 2 p - 2  x 

fE ' ' ________  dE
'’E 1 T7e  -  v R 2 ) 2 +, \2 ]T (  p E - p  v o 2 - w R 2 ) 2 + p 2 ]

L e t  a s e r i e s  o f  s e t  o f  co mp lex  p a r a m e t e r s  

a = b = a * , c = vQ2 +wR2 / p + i p , d = c*

A f t e r  e x p a n d i n g  t h e  i n t e g r a n d  i n  p a r t i a l  f r a c t i o n  and i n ­

t e g r a t i n g  i t ,  t h e  r e s u l t  i s

= | ( g 2 + u 2 - 2 Ug z ) - 1 / 2 , i - 2 l n [  K ^ , ^ ) 4 ! 2 K ^ ^ c j C ^ - ,

w h e r e  A = [ ( a - b ) ( a - c ) ( a - d ) ] - 1 , C = [ ( c - a ) ( c - b ) ( c - d ) ] " 1 

F i g .  5

CMLAB

D
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F o r  t h e  s i m p l e s t  c a s e  o f  s h a r p  r e s o n a n c e  s t a t e ,  wh ic h  

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

d 2 u  .  g C
3 2 5 5  '  ■> ( g2 +u 2 - 2 Ug z ) 1 ' ' 2

where  C i s  an a r b i t r a r y  n o r m a l i z a t i o n  c o n s t a n t .

G. A n g u l a r  C o r r e l a t i o n

A s e q u e n t i a l  p r o c e s s  i n  a t h r e e  body  b r e a k u p  r e a c t i o n  

i s  o f t e n  ex amined  by m e a s u r i n g  t h e  a n g u l a r  c o r r e l a t i o n  

b e t w e e n  1 and 2 .  A n g u l a r  c o r r e l a t i o n  r e f e r s  t o  a m e a s u r e m e n t  

o f  t h e  c o i n c i d e n c e  b e tw e e n  1 and 2 a s  a f u n c t i o n  o f  t h e  a n ­

g l e s  b e t w e e n  t h e i r  d i r e c t i o n s  o f  e m i s s i o n .

The a n g u l a r  c o r r e l a t i o n  i n v o l v i n g  mixed  r a d i a t i o n s  

w i t h  t h e  a n g u l a r  momentum s e q u e n c e :  (L-jL-| *) ^ 2

g i v e n  b y ( R e f . 3 3 - 3 8 )

WCO) = S [ a k ( i ) A k < 1 ) ] [ a k (2 ) A k ( 2 ) 3 P k (c os O )  

whe re  t h e  c o e f f i c i e n t s  Ak ( i ) f ( i = i , 2 ) h a v e  t h e  d e f i n i t i o n :

^ k ( i )  = j i J ) + 2 6 ^Fk (L-^Lj_ ^ k ^ i  ^ i ^ )

The Fk a r e  d e f i n e d  by :

Fk ( L L ’ j ± J)



j .- J-1
= { - )  1 [C2L+1) ( 2 L ’+ 1 ) ( 2 J + 1 ) ] 1 / 2 ( L L ' 1 - 1 ! k O ) W ( J J L L ' J k j j )

The m i x i n g  p a r a m e t e r  i s  d e f i n e d  a s  a r e l a t i v e  i n ­

t e n s i t y ,  t h a t  i s

? I n t e n s i t y  o f  r a d i a t i o n  L* ( j l L ' l J )  ?o = ------------------------------  = [----------
I n t e n s i t y  o f  r a d i a t i o n  L C j l L U )

I n  t h e  a n g u l a r  momentum s e q u e n c e ,  J  a l w a y s  d e n o t e s  

t h e  a n g u l a r  momentum o f  t h e  i n t e r m e d i a t e  s t a t e ,  d e n o t e s  

t h e  a n g u l a r  momentum o f  t h e  i n i t i a l  o r  f i n a l  s t a t e ,  ^ , 1̂ '  

a r e  t h e  o r b i t a l  a n g u l a r  momentum o f  t h e  p a r t i c l e  r a d i a t i o n ,

and k i s  r e s t r i c t e d  by  k < m i n ( 2 J , 2 L ^ t 2 L ^ ) .

Fo r  p u r e  t r a n s i t i o n s ,  t h e  s p i n l e s s  p a r t i c l e  p a r a m e t e r  

i s  g i v e n  by

2LCL+1)
a k (LL) = ------------------------------

2 L C L + 1 ) - k ( k + 1 )

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

momentum L & L 1 a r e

a k (LLM = a k ( L ' L )  = c o s ( ^ L- § L , )  x [ U L + f t + L ' a ' + 1 ) - k l k + 1  ) J 

w h e r e

^ [GL (ri,kR)-iF,(r^,kR)]
e x p ( 2 i ^ L ) = e x p ( 2 io*L ) x [ G L"(rj, k R ) + i FL ( rj, k R)]
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2 MZ -j Z2 e 2

k = (2ME/TT2 ) 172

, Gl a r e  t h e  r e g u l a r  and i r r e g u l a r  c o u l o m b  f u n c t i o n  r e s p e c ­

t i v e l y .

Fo r  u n c h a r g e d  p a r t i c l e s ,  c o s ^ - ^ , )  = 1- i s  a u s e f u l  

" a p p r o x i m a t i o n .

I f  t h e  p a r t i c l e  w i t h  s p i n  i s  o b s e r v e d ,  e i t h e r  a s  a 

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

t o r  Fk ( L L ' j J ) . b y  t h e  f a c t o r  Fk ( L L 1 j s J ) , t h a t  i s ,  t h e  c h a n n e l  

s p i n  j  r e p l a c e s  j ,  and t h e  s p i n l e s s  p a r t i c l e  p a r a m e t e r  i s  

u s e d .  j s = | I + s j w h e r e  I  i s  t h e  i n i t i a l C f i n a l ) n u c l e a r  a n g u l a r  

momentum and s i s  t h e  a n g u l a r  momentum o f  t h e  p a r t i c l e  

a b . s o r b e d C o r  e m i t t e d )  i n  t h e  t r a n s i t i o n .  F o r  s e v e r a l  c h a n n e l  

s p i n s ,  t h e  c o r r e l a t i o n  i s  t h e  w e i g h t e d  sum o f  t h e  s e p a r a t e  

c o r r e l a t i o n s .

a b o m b a r d i n g  n o r  a f i n a l  o u t g o i n g  p a r t i c l e ,  one  r e p l a c e s  j

p r o c e e d s  a s  l a s t  p a r a g r a p h .

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

l a r  c o r r e l a t i o n  f u n c t i o n  w i t h  t h e  a n g u l a r  momentum s e q u e n c e :

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

by t h e  " f i c t i o u s ” c h a n n e l  s p i n  j 5 3 + ^ i n i t i a l  and
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W(0) = S [ a k Ak ( 1 ) ] [ a k Ak C 2 ) ] [ C k ]Pk- (cos0)  
k

The f i r s t  l i n k ,  t a k Ak ( 1 ) ] ,  i s  g i v e n  by t h e  s e q u e n c e  

j - |CL iL 1 ’ ) J ;  t h e  s e con d  l i n k ,  C ( 2 ) 3 , i s  g i v e n  by t h e  s e ­

q u e n c e  TKL2L2 ' ^^2 * The t e rm  Ck i s  g i v e n  by

Ck = [ ( 2 J +1 )(2TT+1 ) ] 1 / 2 W( j k jp - j ;  Jif)

whe re  j  d e n o t e s  t h e  p a r t i c l e ' s  t o t a l  a n g u l a r  momentum.

Nu m e r i c a l  v a l u e s  o f  t h e  Fk c o e f f i c i e n t s  a r e  t a b u l a t e d  

i n  R e f . 3 6 , 3 7 .  The Wigner  c o e f f i c i e n t s  and Racah c o e f f i ­

c i e n t s  i n v o l v e d  i n  Fk a r e  a l s o  t a b u l a t e d  i n  R e f . *10,*11.

Pk ( c o s 9 )  a r e  t h e  o r d i n a r y  L e g e nd r e  p o l y n o m i a l s .

A p p l i c a t i o n  o f  t h e  above  d e r i v e d  f o r m u l a s  t o

t h e  ^ L i ( 3ne ,c()^LiC5 . 37,  2+ ) - ->5He(^ . “ ) + r e a c t i o n  g i v e s

t h e  a n g u l a r  momentum s e q u e n c e  2(13)2(13)^**  The p a r t i c l e  w i t h

s p i n  i s  o b s e r v e d ,  so t h a t  we u se  t h e  channe l -  s p i n s  f o r  t h i s

s t a g e  o f  c o r r e l a t i o n s ;  T h e r e  a r e  two c h a n n e l  s p i n s  p o s s i b l e ;

J s = 1, 2 .  The c o r r e l a t i o n  i s  t h e r e f o r e  t h e  w e i g h t e d  sum o f

two d i s i n t e g r a t i o n  s chemes  2 ( 1 3 ) 2 ( 13)1  f o r  0 _=1 . and
D *

2 ( 1 3 ) 2 ( 1 3 ) 2  f o r  J s =2.  Thus

WC9) = Wjs=1 + p2W. s=2

w i t h  jB̂  t h e  r a t i o  o f  t h e  p r o b a b i l i t i e s  o f  f o r m in g  t h e  i n t e r ­

m e d i a t e  s t a t e  v i a  c h a n n e l  s p i n  2 r e l a t i v e  t o  c h a n n e l  s p i n

1 ( f r om an e x p e r i m e n t a l  p o i n t  o f  v i ew  jB̂  i s  a p a r a m e t e r  t o  be

f i t t e d  t o  t h e  d a t a ) .  Fo r  j  =1
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Wj = 1 + [ a 2 ( 1 1 ) F2 ( 1 2 2 )  + 2 6 a 2 ( 1 3 ) F 2 C1322)  +

62 a 2 ( 3 3 ) F 2 ( 3 2 2 ) ] [ a 2 ( 1 1 ) F 2 ( 1 12)  + 2 6 a 2 ( l 3 ) F 2 ( 1 3 1 2 )  +

6 2 a 2 ( 3 3 )F 2 ( 3 1 2 ) ] P 2 (cosO)

and s i m i l a r l y  f o r  j  =2s

Wj =2 = 1 + [ a 2 ( 1 1 ) f 2 ( 1 2 2> + 2 6 a 2 ( 1 3 ) F 2 ( 1 3 2 2 )  + s

62 a 2 ( 3 3 ) F 2 ( 3 2 2 ) ] 2 P2 ( c o s e )

As t o  t h e  ? Li ( 3He  ,aC) i  ( 5 .  37 ,  2 + ) —  >oC(0 + )+p+n r e a c ­

t i o n ,  t h e  a n g u l a r  momentum s e q u e n c e  i s  2 ( 1 , 3 ) 2 ( 0 , 2 ) 0 , t h e  

r e s t r i c t i o n  on k g i v e s  k=4.  T h e r e f o r e ,  t h e  a n g u l a r  c o r r e l a ­

t i o n  f u n c t i o n  i s

4
WCG) = 5 Cak d )Ak ( 1 ) ] [ a k ( 2 ) A k ( 2 ) ] P k ( c o s e )

k - 0



40

I I I .  EXPERIMENTAL APPARATUS AND PROCEDURES

A. Beam P r o d u c t i o n  and  H a n d l i n g

A s i n g l y  c h a r g e d  beam o f  e n e r g y  r a n g i n g  f rom 0 . 9

t o  3 . 5  MeV was p r o v i d e d  by t h e  B r o ok l yn  C o l l e g e  3*75 MV 

D y n a m i t r o n  A c c e l e r a t o r .  The s y s t e m  employs  a d u o p l a s m a t r o n  

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

a beam o f  c h a r g e d  p a r t i c l e s .  High p u r i t y ( 9 9 . 99%) ^He,  s u p ­

p l i e d  by t h e  Monsan to  Mound L a b o r a t o r i e s ,  was mixed  w i t h  

h i g h  p u r i t y  ^He a s  t h e  s o u r c e  g a s .  The m a s s - a n a l y s i s  s y s t e m  

i n  t h e  i o n  s o u r c e  p e r m i t t e d  s e l e c t i o n  o f  o n l y  ^He . i o n s  f o r  

a c c e l e r a t i o n .

The beam was a c c e l e r a t e d  t o  g r o u n d  t h r o u g h  an e v a c u ­

a t e d  a c c e l e r a t i o n  t u b e  w h i ch  was e n e r g i z e d  by a c o n s t a n t  

power  s u p p l y ,  a m u l t i - s t a g e  r e c t i f i e r  s y s t e m ,  powered  by a 

h i g h  f r e q u e n c y  o s c i l l a t o r .  Then ,  i t  was e l e c t r o s t a t i c a l l y  

f o c u s e d  and s t e e r e d  i n t o  a p a i r  o f  60°  b e n d i n g  m a g n e t s  wh ich  

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

p r o p r i a t e  beam l e g ,  and was f o c u s e d  by a q u a d r u p o l e  l e n s  b e ­

f o r e  i t  e n t e r e d  t h e  s c a t t e r i n g  c h a m b e r .

The beam e n e r g y  was d e t e r m i n e d  and r e g u l a t e d  by a 

s t a n d a r d  s i  i t - f e e d b a c k  s y s t e m  f o l l o w i n g  t h e  1 2 0 °  bend 

t h r o u g h  t h e  a n a l y z i n g  m a g n e t .  The a n a l y z i n g  m a g n e t i c  f i e l d  

was m e a s u r e d  by means  o f  an NMR p r o b e  and was c a l i b r a t e d  u s ­
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i n g  t h e  known t h r e s h o l d  e n e r g y  o f  1 8 8 0 . 6 0 + 0 . 7  KeV f o r  

t h e  *^LiCpfn)®Be r e a c t i o n ,  t h e  r e s o n a n c e  e n e r g y  a t  

8 7 2 . 1 1 + 0 . 2 0  KeV f o r  t h e  19 p ( p |Cjy)  1 8q r e a c t i o n ,  and t h e  r e s o ­

na n ce  e n e r g y  a t  9 9 1 . 9 0  + 0 . 0 4  KeV f o r  t h e  ^ ^ A l ( p , y ) ^ ® S i  r e a c ­

t i o n .  E n e r g y  s t a b i l i t y  was t y p i c a l l y  “ 1 keV w i t h  t h e  s l i t -  

f e e d b a c k  s y s t e m  i n  o p e r a t i o n .  The s l i t s  were  c l o s e d  down t o  

" 0 . 1  i n c h  s e p a r a t i o n ,  b o t h  t o  m a i n t a i n  e n e r g y  s t a b i l i t y  and 

t o  l i m i t  t h e  beam c u r r e n t  on t a r g e t .  R e p r o d u c i b i l i t y  o f  beam 

e n e r g y  was fo und  t o  be  w i t h i n  “ 10 keV.

B. S c a t t e r i n g  Chamber

A 17" d i a m e t e r  s c a t t e r i n g  chambe r  c o n s i s t i n g  o f  two 

t u r n - t a b l e s ,  on e  on t h e  t o p  and t h e  o t h e r  on t h e  b o t t o m ,  

w h i ch  c a n  r o t a t e  a b o u t  an a x i s  t h r o u g h  t h e  c e n t e r  o f  t h e  

c h a m b e r ,  was u se d  t h r o u g h o u t  t h e  e x p e r i m e n t s .  D e t e c t o r  s y s ­

t em s  c o u l d  be moun ted  on e i t h e r  t h e  t u r n t a b l e s  or '  t h e  i n s i d e  

s i d e - w a l l  o f  t h e  cham be r  i n  s u c h  a way t h a t  a l l  t h e  d e t e c ­

t o r s  w e r e  i n  t h e  same p l a n e .  S h o r t  c a b l e s  l e a d  f rom t h e  

d e t e c t o r s  t o  t h e  BNC c o n n e c t o r s  i n  t h e  chambe r  w a l l  Where 

t h e  p r e a m p l i f i e r s  a r e  a t t a c h e d .

The t a r g e t s  we re  mounted  on a t a r g e t  l a d d e r  c o u p l e d  

t h r o u g h  an 0 - r i n g  s e a l  i n  t h e  t o p  o f  t h e  c h a m b e r .  I t  c a n  be  

r a i s e d ,  l o w e r e d  and r o t a t e d .  A g a t e - v a l v e  , l o c a t e d  b e t w e e n  

t h e  t a r g e t  l a d d e r  and t h e  s c a t t e r i n g  chamber  p r o v i d e s  t h e  

p o s s i b i l i t y  o f  t r a n s f e r r i n g  t h e  t a r g e t s  w i t h o u t  b r e a k i n g  v a ­
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cu u m .

r

A c o l l i m a t o r  s y s t e m C F i g . 6 ) made up o f  t h r e e  c i r c u l a r  

a p e r t u r e  d i s c s  w i t h  s p a c i n g  1 " and a p e r t u r e  d i a m e t e r  1 / 4 ” , 

1 / 8 "  and 5 / 3 2 "  i n  s e q u e n c e  was u s e d  t o  o b t a i n  t h e  r e q u i r e d  

a c c u r a c y  o f  beam d i r e c t i o n .  A l l  a p e r t u r e  d i s c s  and  t h e  ma in  

c o l l i m a t o r - l o c a t i n g  t u b e  w e r e  i n s u l a t e d  f rom e a c h  o t h e r  so 

t h a t  beam c u r r e n t  on  t h e  i n d i v i d u a l  a p e r t u r e s  c o u l d  be  m e a s ­

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

made  i t  p o s s i b l e  t o  t u n e  t h e  beam p r e c i s e l y  on t h e  t a r g e t .  

T y p i c a l  beam s p o t  s i z e  was “ 2 mm d i a m e t e r  w i t h  a t a r g e t  t o  

c o l l i m a t o r  c u r r e n t  r a t i o  o f  " 1 0 0 : 1 .  A F a r a d a y  cup  15" d e e p ,  

l o c a t e d  on t h e  e x i t  s i d e  o f  t h e  c h a m b e r ,  was  u s e d  t o  c o l l e c t  

t h e  t o t a l  c h a r g e  w h i c h  was i n t e g r a t e d  by an ORTEC c u r r e n t  

d i g i t i z e r .

H igh  vacuum r e q u i r e d  . i n s i d e  t h e  c h a m b e r  was o b t a i n e d  

by u s i n g  a mod e l  LH-TURBOVAC 350 t u r b o m o l e c u l a r  pump b a c k e d  

up by  a m e c h a n i c a l  pump.  The c ha m be r  vacuum was k e p t  b e t t e r  

t h a n  5 x 10"^  T o r r  t h r o u g h o u t  t h e  e x p e r i m e n t s .

C. D e t e c t o r s

D e t e c t o r  T h i c k n e s s e s  we re  c h o s e n  b a s e d  upon  t h e  e n e r ­

g i e s  o f  t h e  v a r i o u s  o u t g o i n g  p a r t i c l e s  f r om t h e  r e a c t i o n  

o f  ?Li  + ^ H e , w h i c h  h a v e  b e e n  p l o t t e d  a s  a f u n c t i o n  o f  

d e t e c t i o n  a n g l e s  i n  F i g . 7.



EXPERIMENTAL S E T -U P

To Turbo P u m p  

/ \

5/32"  Clean Up

1/8" D efin in g  
A p ertu re

SB D etector  

Target \
Faraday Cup

1/4“ Cu C ollim ator
SB D etector

Scattering Cham ber



0 0 .  07. TUEiPLOT 1 J0B-KINETIC3, CUNV/UCC DISSPLR VER S . S

E(LAB) OF REACTION PRODUCTS (MeV)
i-i i-i■p- ct» co o w

o

o ~

©  CO

o

CS —

Mra

K
in

e
m

a
tic

s 
for 

th
e 

R
e

a
c

tio
n



E(LAB) OF REACTION PRODUCTS (MeV)

f\J CO
1—
*

wO '

ib.
O'

ao '

0  CO.
X  o  
r*
>
W 5 .w  o

w.o

o

Cj .o

CO .o

. ,1 .)____L. -I ■ '
03 

____I

w
K*
01

K
Q
<

<
C

£B
CD
ft

sw '01
r

K
in

e
m

a
tic

s 
for 

th
e 

R
e

a
c

tio
n



45

T o t a l l y  d e p l e t e d  s u r f a c e - b a r r i e r  s i l i c o n  d e t e c t o r s  

h a v i n g  a s e n s i t i v e  a r e a  o f  50 mm^ w e r e  u se d  f o r  t h e  d e t e c ­

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

p a r t i c l e ,  a d e t e c t o r  o f  t h i c k n e s s 1 2 1  pm was p l a c e d  a t  a 

d i s t a n c e  .of  4 . 5 "  f r om t h e  t a r g e t  w i t h  an o v a l  d e f i n i n g  a p e r ­

t u r e  5 / 1 6 "  X 5 / 3 2 " .  T h i s  d e t e c t o r  s u b t e n d e d  a h a l f - a n g l e  o f  

0 , 9 9 °  and a s o l i d  a n g l e  o f  2 . 4 1  m s r . As a 121 pm d e t e c t o r  

c a n  s t o p  d - p a r t i c l e s  o f  e n e r g i e s  up t o  14 MeV, p r o t o n s  o f  

e n e r g i e s  up t o  3 . 6  MeV, d e u t e r o n s  o f  e n e r g i e s  up t o  4 . 6  MeV, 

d i s c r i m i n a t i o n  b e t w e e n  p r o t o n s  and  d - p a r t i c l e s  was t h u s  e s ­

t a b l i s h e d  s i n c e  t h e  minimum e n e r g y  o f  i n t e r e s t  o f  cC1 was 5 . 5  

MeV. A m y l a r  f o i l ,  1 . 7 5  mg/cm? t h i c k  p l a c e d  i n  f r o n t  o f  t h e  

d e t e c t o r  a s  t o  e l i m i n a t e  t h e  en o rm ou s  c o u n t i n g  r a t e  f rom 

e l a s t i c a l l y  s c a t t e r e d  ^He i o n s ,  w h i c h  was e s p e c i a l l y  i m p o r ­

t a n t  a t  f o r w a r d  a n g l e s .  The m y l a r  f o i l  a l s o  s e r v e d  t o  d e ­

g r a d e  t h e  e n e r g y  o f  ^Li  r e c o i l s  s u f f i c i e n t l y  t o  move them 

o u t  o f  t h e  r e g i o n  o f  i n t e r e s t  i n  t h e  s p e c t r u m .

F o r  t h e  d e t e c t i o n  o f  d - d  c o i n c i d e n c e s ,  t h e  d e t e c ­

t o r  was  f i x e d  a t  3 0 ° ,  a t  a d i s t a n c e  o f  3 . 5 "  f o rm  t h e  t a r g e t .  

T h i s  d e t e c t o r  h a s  a h a l f - a n g l e  o f  1 . 0 2 °  and a s o l i d  a n g l e  o f  

2 . 5 5  m s r .  A s e c o n d  d - d e t e c t o r ,  2 2 . 7  pm t h i c k ,  was  p l a c e d  a t  

a n g l e s ,  0^ f b e t w e e n  - 9 5 °  and - 1 7 0 ° ( L a b )  c o r r e s p o n d i n g  t o  d 2

a n g l e s  b e t w e e n  - 8 5 °  and - 1 6 3 °  i n  t h e  r e c o i l  ^ L i ( 5 . 3 7  MeV) 

s y s t e m .  T h i s  d e t e c t o r  was  p l a c e d  a t  a d i s t a n c e  3 . 5 "  f rom t h e  

t a r g e t ,  i t  h a s  a h a l f - a n g l e  o f  1 . 2 8 °  and a s o l i d  a n g l e  o f  

3 . 9 8 m s r .  A 2 2 . 7  pm d e t e c t o r  c a n  s t o p  d - p a r t i c l e s  o f  e n e r g i e s



46

up t o  4 . 8  MeV, p r o t o n s  o f  e n e r g i e s  up t o  1 . 2 2  MeV and d e u -  

t e r o n s  o f  e n e r g i e s  up t o  1 . 4 8  MeV, t h u s  t h e  s p e c t r u m  above

1 . 5  MeV c o n s i s t e d  o n l y  o f  o C - p a r t i c l e s .

Fo r  t h e  d e t e c t i o n  o f  cC-d and ct-p c o i n c i d e n c e s ,  a A f - f. 

c o u n t e r - t e l e s c o p e  s y s t e m  c o n s i s t i n g  o f  two SB d e t e c t o r s ,  one  

m e a s u r i n g  /^;  and t h e  o t h e r  m e a s u r i n g  E-/\p , was u s e d  t o  p e r ­

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

t h i c k n e s s e s  we re  c h o s e n  t o  be  2 2 . 7  pm and 300 pm r e s p e c t i v e ­

l y .

A 300 pm d e t e c t o r  was u sed  a t  a f i x e d  p o s i t i o n ( 3 0 °  

Lab)  f o r  d e t e c t i n g  t h e  e l a s t i c a l l y  s c a t t e r e d  p a r t i c l e s

i n  some o f  t h e  r u n s .  A f i x e d  d e t e c t o r  was u s e d  f o r  n o r m a l i ­

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

f o r  t h e  f i r s t  e m i t t e d  c £ - p a r t i c l e .

Fo r  a l l  r u n s ,  t h e  d e t e c t o r  g e o m e t r y  was c h o s e n  a s  a 

s u i t a b l e  compro mis e  s o l u t i o n  t o  t h e  demands  o f  o p t i m i z i n g  

t h e  c o u n t i n g  r a t e  and o f  m i n i m i z i n g  t h e  k i n e m a t i c  b r o a d e n ­

i n g  .

D. T a r g e t s

M e t a l l i c  ? L i  and ? L i F  t a r g e t s  were  u s e d .  T a r g e t s

o f  ? L i  m e t a l  we re  p r e p a r e d  by e v a p o r a t i n g  e n r i c h e d  

m e t a l l i c  ? L i ( 9 9 . 9 9 %  p u r i t y )  o n t o  t h i n  c a r b o n  f o i l s ( 2 0  

p g / c m 2 ) ,  As t h e  ? L i  m e t a l  i s  h i g h l y  r e a c t i v e  w i t h  o x y g e n ,
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t h e s e  t a r g e t s  we re  t r a n s f e r r e d  u n d e r  vacuum f rom t a r g e t  e v a ­

p o r a t i o n  s y s t e m  t o  s c a t t e r i n g  c h a m b e r .  T h i s  Was d o n e  by  

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

s y s t e m  by mea ns  o f  a vacuum c o l l a r .

? L i F  t a r g e t s  r a n g i n g  i n  t h i c k n e s s  f r om 20 t o  50 

j jg /cm^ w e r e  a l s o  p r e p a r e d  by e v a p o r a t i n g  ? L i F  o n t o  t h i n  c a r ­

bon f o i l s .  T a r g e t  t h i c k n e s s e s  we re  d e t e r m i n e d  by u s i n g  a 

q u a r t z  c r y s t a l  t h i c k n e s s  m o n i t o r .

F r e q u e n t  c h e c k s  on  t h e  m o n i t o r  s p e c t r a  we re  made  t o  

e n s u r e  t h a t  t h e  t a r g e t  was n o t  b e i n g  e v a p o r a t e d  by h e a t i n g  

f rom t h e  beam.  No t a r g e t  d e t e r i o r a t i o n  was n o t i c e d  a t  beam 

c u r r e n t s  b e l o w  200 nA f o r  b o t h  t y p e s  o f  t a r g e t s .

E.  E l e c t r o n i c s

A b l o c k  d i a g r a m  o f  t h e  c o n v e n t i o n a l  s l o w - f a s t  . c o i n ­

c i d e n c e  s y s t e m  i s  i l l u s t r a t e d  i n  F i g . 8 .  The s i g n a l s  f r om two 

d e t e c t o r s  w e re  f e d  i n t o  ORTEC m o de l  142A p r e a m p l i f i e r s  w h i c h  

p r o v i d e d  b o t h  e n e r g y  s i g n a l s  and t i m e  s i g n a l s .  The t i m e  s i g ­

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

p l i f i e r  and a c o n s t a n t - f r a c t i o n  d i s c r i m i n a t o r .  The d i s c r i m i ­

n a t o r  l e v e l  was s e t  t o  j u s t  b a r e l y  e l i m i n a t e  t h e  p u l s e s  due  

t o  d e t e c t o r  n o i s e .  O u t p u t s  o f  t h e  two f a s t  d i s c r i m i n a t o r s  

c o n s t i t u t e d  t h e  s t a r t  and s t o p  i n p u t s  t o  a t i m e  t o  a m p l i t u d e  

c o n v e r t e r ( T A C )  w i t h  s u i t a b l e  d e l a y  o f  t h e  s t o p  p u l s e .  The
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t i m e  s p e c t r u m  f rom TAC showed a p e a k  o f - FWHM l e s s  t h a n  10 

n s e c .

E n e r g y  o u t p u t s  o f  t h e  p r e a m p l i f i e r s  w e re  f ed  i n t o  

s p e c t r o s c o p y  a m p l i f i e r s  i n  e a c h  b r a n c h .  O u t p u t s  o f  t h e  s p e c ­

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

a n a l y z e r s ( T S C A ) .  Slow t i m i n g  was d e r i v e d  by  e s t a b l i s h i n g  a 

s l o w  c o i n c i d e n c e  b e t w e e n  t h e  l o g i c  o u t p u t s  f rom t h e  TSCA’ s .

O u t p u t s  o f  t h e  s p e c t r o s c o p y  a m p l i f i e r s  w e r e  a p p r o p r i ­

a t e l y  d e l a y e d  and t h e n  s e n t  i n t o  The N o r t h e r n  S c i e n t i f i c  

A n a l o g  t o  D i g i t a l  C o n v e r t e r s ( A D C ) . The i n p u t s  t o  t h e  ADC's 

w e re  g a t e d  by a p u l s e  d e r i v e d  f rom t h e  s l o w - f a s t  c o i n c i d e n c e  

t i m i n g .  The 8192  c h a n n e l  N o r t h e r n  S c i e n t i f i c  A n a l y z e r ( N S 6 3 6 ) 

was  u s e d  i n  128x64 X-Y c o i n c i d e n c e  mode t o  o b t a i n  t h e  d u a l  

p a r a m e t e r  c o i n c i d e n c e  s p e c t r a .  The d a t a  we re  p r i n t e d  o u t  on 

a h i g h  s p e e d  V e r s a t e c  p r i n t e r  i n t e r f a c e d  t o  a PDP 1 1 / 2 0  com­

p u t e r  w h i c h  was a l s o  i n t e r f a c e d  w i t h  t h e  NS636.  M o n i t o r  

s p e c t r a  w e re  s t o r e d  i n  a 4 0 9 6 - c h a n n e l  N o r t h e r n  S c i e n t i f i c  

A n a l y z e r ,  w h i c h  w e r e  dumped o n t o  a m a g n e t i c  t a p e .

T e s t  p u l s e s  g e n e r a t e d  by an ORTEC 448 R e s e a r c h  P u l s e r  

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

e l e c t r o n i c s .  The s l o w  f a s t  c o i n c i d e n c e  t i m i n g  was s e t  and 

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

s p e c t r u m  was t a k e n  i n  e a c h  d e t e c t o r  b e f o r e  and a f t e r  e a c h  

c o i n c i d e n c e  r u n  t o  c h e c k  f o r  g a i n  s h i f t s  i n  t h e  e l e c t r o n i c s .

The k i n e m a t i c  c u r v e  may b e  s e e n  d i r e c t l y  by  u s i n g  t h e
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t w o - d i m e n s i o n a l  mode o f  t h e  M u l t i c h a n n e l  A n a l y z e r ( MCA), a c ­

c e p t i n g  t h e  a m p l i f i e d  E,  and E2 p u l s e s  d i r e c t l y  t o  i t s  X and 

Y ADC's r e s p e c t i v e l y .

The p a r t i c l e  i d e n t i f i e r  u se d  i n  t h e  c(-d and cC-p c o i n ­

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

t h e  sum o f  two e n e r g y  i n p u t s  ^  and E -££  w h i c h  g i v e s  f u l l  

e n e r g y  E, t h e  o t h e r  s e l e c t s  t h e  p a r t i c l e  o f  i n t e r e s t  t h r o u g h  

a b u i l d - i n  f u n c t i o n  /^E (k AE + E0 + E -  .AE) w i t h  two a d j u ­

s t a b l e  p a r a m e t e r s  k and E
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IV.  EXPERIMENTAL DATA

A. E x c i t a t i o n  F u n c t i o n

T y p i c a l  a l p h a - p a r  t i d e  s i n g l e s  s p e c t r a  w i t h  and 

w i t h o u t  a m y l a r  f o i l  i n  f r o n t  o f  t h e  d e t e c t o r  a r e  shown i n  

F i g . 9 .  The a l p h a - p a r  t i d e  s p e c t r a  show s t a t e s  i n  ^ L i  a t  e x ­

c i t a t i o n s  o f  0 . 0 ,  2 . 1 8 ,  3 . 5 6  and 5 . 3 7  MeV c o n s i s t e n t  w i t h

s e v e r a l  p r e v i o u s l y  r e p o r t e d  s t u d i e s C R e f . 1 1 , 3 9 )  o f  t h i s  r e a c ­

t i o n .  As c a n  be  s e e n  f ro m t h e  s p e c t r u m  w i t h o u t  m y l a r  f o i l ,  

t h e  p e a k  c o r r e s p o n d i n g  t o  t h e  5 . 3 7  MeV s t a t e  s o m e t i m e s  o v e r ­

l a p s  p e a k s  du e  t o  ^ L i  r e c o i l  n u c l e i  f o r  t h e  g r o u n d  s t a t e  and 

f i r s t  e x c i t e d  s t a t e .  By p l a c i n g  a m y l a r  o r  g o l d  f o i l  o f  a p ­

p r o p r i a t e  t h i c k n e s s  i n  f r o n t  o f  t h e  d e t e c t o r ,  t h e  r e c o i l  

p e a k s  c an  b e  s h i f t e d  down so  t h a t  t h e y  a p p e a r  w e l l  b e l o w ,  

and c o m p l e t e l y  s e p a r a t e d  f r o m ,  t h e  5 . 3 7  MeV p e a k .  T h i s  i s  

b e c a u s e  Li  n u c l e i  l o s e  f a r  more  e n e r g y  i n  t h e  f o i l  t h a n  do  

a l p h a  p a r  t i d e s  C a b o u t  2 t o  1 r a t i o ) .  Of c o u r s e ,  t h e  a l p h a  

p a r t i c l e  r e s o l u t i o n  i s  d e g r a d e d  somewha t  by  t h e  f o i l  due  t o  

s t r a g g l i n g  e f f e c t s ,  w h i c h  a r e  t y p i c a l l y  10-20% o f  t h e  t o t a l  

e n e r g y  l o s s ,  a b o u t  200 keV i n  t h i s  c a s e .

The u n d e r l y i n g  b a c k g r o u n d  coming  f rom t h e  b r e a k u p  

c o n t i n u u m  n e c e s s i t a t e s  l o n g e r  r u n  t i m e  t o  c o l l e c t  a d e q u a t e  

s t a t i s t i c s ,  a f t e r  b a c k g r o u n d  s u b t r a c t i o n ,  f o r  t h e  5 . 3 7  MeV
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s t a t e .  T h i s  p r o v i d e s  one  i m p o r t a n t  r e a s o n  f o r  u s i n g  Li  m e t a l  

t a r g e t s  r a t h e r  t h a n  compound t a r g e t s ,  due  t o  t h e  h i g h e r  Li 

c o n c e n t r a t i o n  f o r  a g i v e n  t a r g e t  t h i c k n e s s .  A ve r a g e  ru n  

t i m e s  p e r  d a t a  p o i n t  o b t a i n e d  h e r e  we re  a b o u t  o ne  ho u r  a t  

t h e  h i g h e r  e n e r g i e s  and a b o u t  two h o u r s  a t  e n e r g i e s  b e lo w  

1.1 MeV.

7 pLi  m e t a l  t a r g e t s  o f  t h i c k n e s s  16 pg / cm^  e v a p o r a t e d

o n t o  a 16 pg / cm ^  c a r b o n  b a c k i n g  we re  u s ed  f o r  t h e s e  m e a s u r e ­

m e n t s .  The a l p h a - p a r t i c l e s  we re  d e t e c t e d  i n  a s i l i c o n  s u r ­

f a c e  b a r r i e r  d e t e c t o r  c o l l i m a t e d  by a 5 / 3 2 "  x 5 / 1 6 "  o v a l  

s h a p e  a p e r t u r e  4 . 5 "  f rom t h e  t a r g e t .  Thus t h e  d e t e c t o r  h a l f  

a n g l e  was 0 . 9 9 °  and t h e  s o l i d  a n g l e  2 . 41  m s r .  The m a j o r i t y  

o f  t h e  d a t a  we re  a c c u m u l a t e d  u s i n g  t h i n  SB d e t e c t o r s .  The 

t h i c k n e s s e s  o f  t h e  d e t e c t o r s  we re  c h o s e n  s u c h  t h a t  p r o t o n s  

and d e u t e r o n s  f rom o t h e r  c o m p e t i n g  r e a c t i o n s  would  p a s s  

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

g i e s  o f  t h e  a l p h a  p a r t i c l e s .  D e t e c t o r  d e p l e t i o n  d e p t h s  were  

68 pm f o r  t h e  b a c k w a r d  a n g l e  d e t e c t o r ,  121 pm f o r  t h e  f o r ­

wa rd  a n g l e  d e t e c t o r  and 300 pm f o r  t h e  m o n i t o r  d e t e c t o r .

The b a c k g r o u n d s  we re  o b t a i n e d  by summing 10 c h a n n e l s  

on e a c h  s i d e  o f  t h e  p e a k ,  t a k i n g  a v e r a g e s  and t h e n  m u l t i p l y ­

i n g  t h e  t o t a l  c h a n n e l s  sp a n n e d  by t h e  p e a k .  Fo r  d e t e r m i n i n g  

t h e  y i e l d  a t  5 . 3 7  MeV e x c i t e d  s t a t e .  A G a u s s i a n  s h a p e  pe ak  

p l u s  a q u a d r a t u r e  form o f  b a c k g r o u n d  w i t h  a d j u s t a b l e  p a r a m e ­

t e r s  we re  f i t t e d  t o  t h e  s p e c t r a ,  t h e n  i n t e g r a t i n g  t h e  a r e a  

u n d e r  t h e  G a u s s i a n  p e a k .  The r e s u l t s  o f  t h i s  p r o c e d u r e  com-
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p a re d  w i t h  t h a t  o f  u s i n g  t h e  l i n e a r  b a ck g r o u n d  s u b t r a c t i o n  

, were  w i t h i n  Z % s t a t i s t i c a l  e r r o r .

The a b s o l u t e  c r o s s  s e c t i o n s  were  o b t a i n e d  by n o r m a l ­

i z i n g  t h e  y i e l d s  o f  a l l  <£ g r o u p s  t o  t h a t  o f  t h e  ct g r o u p s  

which  were  p r e v i o u s l y  m ea su re d  by Pa u l  e t  a l ( R e f . 1 1 ) .  For  

t h o s e  i n c i d e n t  e n e r g i e s  wh ich  were  n o t  g i v e n  i n  R e f . 11 t h e  

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

t i o n s  f o r  t h e  f i r s t  and s econd  e x c i t e d  s t a t e s  so deduced  

were  t h e n  compared  w i t h  t h o s e  m ea su r e d  by Pa u l  e t  a l . and 

t h e y  were  c o n s i s t e n t  w i t h  e a c h  o t h e r .  The r e s u l t s  were  l i s t ­

ed in  T a b l e  6 - 17 -

The y i e l d s  o f  e a c h  peak  we re  a l s o  n o r m a l i z e d  t o  t h e  

t o t a l  c h a r g e  c o l l e c t e d  i n  a F a r a d a y  cup and c a l c u l a t e  t h e  

d i f f e r e n t i a l  c r o s s  s e c t i o n s  d i r e c t l y  u s i n g  measu re d  t a r g e t  

t h i c k n e s s  and d e t e c t o r ,  s o l i d  a n g l e ,  c r o s s  s e c t i o n s  o b t a i n e d  

i n  t h i s  p r o c e d u r e  a r e  o v e r a l l  30% e x p e r i m e n t a l  e r r o r  com­

p a re d  w i t h  t h o s e  o b t a i n e d  i n  t h e  way d e s c r i b e d  e a r l i e r .  The 

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

t i o n ,  t a r g e t  t h i c k n e s s  and s o l i d  a n g l e  d e t e r m i n a t o n .

E r r o r  b a r s  were  o b t a i n e d  by co m b i n i n g  s t a t i s t i c a l  

w i t h  b a c k g r o u n d  s u b t r a c t i o n  e r r o r s  i n  q u a d r a t u r e .  The u n c e r ­

t a i n t i e s  i n  e x t r a c t i n g  c r o s s  s e c t i o n s  o f  P a u l  e t  a l ' s  d a t a  

were  n o t  i n c l u d e d .

E x c i t a t i o n  c u r v e s  were  o b t a i n e d  a t  l a b o r a t o r y  a n g l e s  

o f  3 0 ° ,  90°  and 150°  w i t h  r e s p e c t  t o  t h e  i n c i d e n t  beam
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d i r e c t i o n  and  f o r  ^He b o m b a r d i n g  e n e r g i e s . r a n g i n g  f rom .0 .7 5  

MeV t o  2 . 5  MeV i n  an a t t e m p t  t o  s e a r c h  f o r  r e s o n a n c e  s t r u c ­

t u r e  i n  t h e  ? L i  (^He f<£ ) ^ L i  r e a c t i o n .

The r e s u l t s  h a v e  b e e n  p l o t t e d  a s  a f u n c t i o n  o f  ^He 

b o m b a r d i n g  e n e r g i e s  and  a r e  shown i n  F i g . 1 0 - 1 3 -  The e r r o r  

b a r s  i n c l u d e  t h e  s t a t i s t i c a l  e r r o r s  and t h e  u n c e r t a i n t i e s  

d u e  t o  t h e  b a c k g r o u n d  s u b t r a c t i o n .  Where  e r r o r  b a r s  a r e  n o t  

shown,  t h e  e s t i m a t e d  e r r o r s  a r e  w i t h i n  t h e  p l o t t e d  c i r c l e s .

The e x c i t a t i o n  c u r v e s  f o r  t h e  d Q g r o u p  a r e  i n  g e n ­

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

The e n h a n c e m e n t  i n  t h e  3 0 °  y i e l d  a t  2 . 2  MeV h a s  b e e n  o b ­

s e r v e d  by  W o l i c k i  e t  a l ( R e f . 1 2 )  a t  2 4 ° ,  by  F o r s y t h  e t  

a l ( R e f . 3 9 )  a t  8 °  and  by P a u l  e t  a l ( R e f . 1 1 ) .  How eve r ,  t h e  

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

g i o n  and d o e s  n o t  show t h i s  r e s o n a n c e .  T h i s  r e s o n a n c e  

c o r r e s p o n d s  t o  a l e v e l  i n  t h e  compound n u c l e u s  a t  19-3

MeV e x c i t a t i o n  e n e r g y  w i t h  a w i d t h  o f  a t  ’l e a s t  300 KeV.

The cC1 g r o u p  d o e s  n o t  show a ny  p r o n o u n c e d  s t r u c t u r e  

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

a b l y  i n  t h a t  i t  d o e s  n o t  e x h i b i t  t h e  r a p i d  r i s e  w i t h  i n ­

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

a s  i s  o b s e r v e d  a t  f o r w a r d  a n g l e s .  T h i s  . phenomenum a g r e e s  

v e r y  w e l l  w i t h  F o r s y t h ' s  d a t a ( R e f . 3 9 )  e x c e p t  t h a t  t h e  

e n h a n c e m e n t  i n  t h e  8 °  y i e l d  a t  2 . 4  MeV i s  n o t  s e e n  i n  o u r  

3 0 °  y i e l d  d a t a .
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EXCITATION FUNCTION FOR 6Ll(g.s.)
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EXCITATION FUNCTION FOR 6Ll(2.18)
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EXCITATION FUNCTION FOR 6LI(3.56)
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EXCITATION FUNCTION FOR 6LI(5.37)
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The <^2 g r o u p  e x c i t a t i o n  c u r v e s  show i n d i c a t i o n  o f

r e s o n a n c e s  a t  1 . 4  and a ro u n d  2 . 2  MeV. U n f o r t u n a t e l y ,  t h et *

p e a k s  a r e  n o t  so p r o m i n e n t  a s  t o  a l l o w  a d e f i n i t e  c o n c l u ­

s i o n .  The e x c i t a t i o n  c u r v e  a t  9 0 °  a l s o  a g r e e s  v e r y  w e l l  

w i t h  F o r s y t h ' s  d a t a  wh ic h  i s  t h e  o n l y  a n g l e  t h e y  h a v e  m ea s ­

u r e d .  I t  i s  w o r t h  n o t i n g  t h a t  t h e  y i e l d s  a t ’9 0 °  a r e  r e l a ­

t i v e l y  l a r g e  comp a red  t o  b o t h  f o r w a r d  and b a ck w a r d  y i e l d s .

The e x c i t a t i o n  c u r v e s  f o r  t h e  5 . 3 7  MeV e x c i t e d  s t a t e  

do show p r o n o u n c e d  s t r u c t u r e  wh ic h  p e r s i s t s  o v e r  a l l  t h r e e  

a n g l e s  m e a s u r e d  i n  c o n t r a s t  t o  t h e  o t h e r  (f g r o u p s .  T hese  

r e s o n a n c e s  a r e  a t  1 . 0 5 ,  1 . 4 5  and 2 . 1 5  MeV i n c i d e n t  ^He e n e r ­

g i e s  w h i ch  c o r r e s p o n d  t o  t h e  f o r m a t i o n  o f  t h e  compound 

n u c l e u s  10B a t  1 8 . 4 3 ,  1 8 . 8  and 1 9 . 3  MeV e x c i t a t i o n  e n e r g i e s  

r e s p e c t i v e l y .  Known l e v e l s  e x i s t  i n  a t  j u s t  t h e s e  e x c i ­

t a t i o n  e n e r g i e s ,  and a l l  h a v e  b e e n  p r e v i o u s l y  a s s i g n e d  T=1 .

The p r e s e n t  m e a s u r e m e n t s  t h e r e f o r e  s u p p o r t  b o t h  t h e  l o c a t i o n
1 0and i s o s p i n  a s s i g n m e n t s  o f  t h e s e  l e v e l s  i n  IUB. The w i d t h s  

o f  t h e s e  10B r e s o n a n c e s  f rom t h e  p r e s e n t  m e a s u r e m e n t  a r e  

300+60,  400+80 and 300+60 KeV r e s p e c t i v e l y .

B. A n g u l a r  D i s t r i b u t i o n s

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

f o r  a f i x e d  beam c u r r e n t  o f  200 nA w i t h  l a b o r a t o r y  a n g l e s  

r a n g i n g  f rom 2 0 °  t o  1 6 0 °  i n  10° s t e p s  and b o m b a r d i n g  e n e r ­
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g i e s  f r om 0 . 9  t o  2 . 5  MeV. A f i x e d  m o n i t o r  d e t e c t o r  a t  2 0 °  

w a s . u s e d  t o  c h e c k  t a r g e t  d e t e r i o r a t i o n  and a l s o  s e r v e d  a s  a 

n o r m a l i z a t i o n  c o u n t e r .  T a r g e t  o r i e n t a t i o n  was k e p t  p e r p e n ­

d i c u l a r  t o  t h e  b i s e c t o r  o f  t h e  beam d i r e c t i o n  and t h e  d e t e c ­

t o r  d i r e c t i o n ,  s o  a s  t o  o p t i m i z e  r e s o l u t i o n .

The a b s o l u t e  c r o s s  s e c t i o n s  w e re  e s t a b l i s h e d  by n o r ­

m a l i z i n g  t h e  y i e l d s  a t  2 0 °  i n  t h e  same m an ne r  a s  d e s c r i b e d  

f o r  t h e  e x c i t a t i o n  f u n c t i o n  m e a s u r e m e n t .  A n a l y s i s  o f  s p e c t r a  

i s  i n  t h e  same way a s  d e s c r i b e d  b e f o r e .

A n g u l a r  d i s t r i b u t i o n  c u r v e s  we r e  d r awn by  f i t t i n g  t h e  

d a t a  p o i n t s  w i t h  a L e g e n d r e  p o l y n o m i a l  up t o  f o u r t h  o r d e r .  

A l l  f i t s  g a v e  a n o r m a l i z e d  c h i - s q u a r e  b e t t e r  t h a n  0 . 0 5 .  The 

e r r o r  b a r s  i f  n o t  s p e c i f i e d  a r e  w i t h i n  t h e  s i z e  o f  t h e  c i r ­

c l e  and  a r e  o v e r a l l  l e s s  t h a n  8 ? .

The a b s o l u t e  d i f f e r e n t i a l  c r o s s  s e c t i o n s  i n  t h e  CM 

s y s t e m  h a v e  b e e n  p l o t t e d C F i g . 1 4 - 2 5 )  a s  a f u n c t i o n  o f  c e n t e r  

o f  m as s  a n g l e s  r a n g i n g  f rom a b o u t  2 0 °  t o  1 7 0 °  f o r  t h e  v a r i ­

ou s  e x c i t e d  s t a t e s  i n  ^ L i . The n u m e r i c a l  v a l u e s  o f  t h e  a b s o ­

l u t e  d i f f e r e n t i a l  c r o s s  s e c t i o n s  a r e  l i s t e d  i n  T a b l e  1 8 - 2 1 .

The a n g u l a r  d i s t r i b u t i o n  f o r  t h e  o( g r o u p  i s  much 

more  e n e r g y  d e p e n d e n t  t h a n  t h a t  f o r  t h e  and &2 g r o u p .  I t  

e x h i b i t s  i s o t r o p y  a t  1 . 1  MeV and i s  n e a r l y  i s o t r o p i c  a t  1 . 4

MeV. The a n g u l a r  d i s t r i b u t i o n  h a s  a c h a r a c t e r i s t i c  o f

t e n d i n g  t o  p e a k  a t  6 0 °  and t h i s  f e a t u r e  b e c o m e s  more  d o m i n a -  

t a n t  a s  e n e r g y  i n c r e a s e s  w h i l e  t h e  g e n e r a l  s h p e  d o e s  n o t
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ANGULAR DISTRIBUTION FOR 6LI(g.s.)
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ANGULAR DISTRIBUTION FOR 6Ll(g.s.)
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ANGULAR DISTRIBUTION FOR 6Ll(g.s.)
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ANGULAR DISTRIBUTION. FOR 6LI(g.s.)
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ANGULAR DISTRIBUTION. FOR 6LI(2.18)
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ANGULAR DISTRIBUTION FOR 6LI(2.18)
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ANGULAR DISTRIBUTION FOR SLI(2.18)
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c h a n g e  a p p r e c i a b l y  t h r o u g h o u t  t h e  r a n g e  o f  e n e r g i e s  s t u d i e d .  

The cfg a n g u l a r  d i s t r i b u t i o n  h a s  a b e l l  s h a p e  t h r o u g h o u t  a l l  

t h e  e n e r g i e s .  I t  a t  f i r s t  p e a k s  a t  9 0 °  f o r  e n e r g i e s  up t o  

1 , 4  MeV, t h e n  s h i f t s  t o  1 0 0 °  f o r  e n e r g i e s  b e t w e e n  1 . 5  MeV 

and  2 . 0  MeV and f i n a l l y  t e n d s  t o  p e a k  a t  b a c k w a r d  a n g l e s  a s

t h e  e n e r g y  g o e s  t o w a r d s  2 . 5  MeV.

The a n g u l a r  d i s t r i b u t i o n s  f o r  t h e  g r o u n d  s t a t e  and

t h e  f i r s t  two e x c i t e d  s t a t e s  a r e  g e n e r a l l y  i n  v e r y  good

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

a l C R e f . 3 9 ) .  The o n l y  d i s c r e p a n c y  i s  t h a t  a s l i g h t l y  r i s i n g  

a t  b a c k w a r d  a n g l e s  a t  1 . 2  MeV o f  P a u l ’ s d a t a ( R e f . l l )  h a s  n o t  

o b s e r v e d  i n  t h e  p r e s e n t  m e a s u r e m e n t s .

The a n g u l a r  d i s t r i b u t i o n s  f o r  t h e  5 . 3 7  MeV s t a t e  a r e  

n e a r l y  i s o t r o p i c  a t  1 . 1  and  1 . 4  MeV, e x h i b i t  a h i g h e r  d e g r e e  

o f  s y m m e t r y  a b o u t  9 0 °  CM a n g l e  i n  t h e  v i c i n i t y  o f  2 . 1  MeV 

and  show e n h a n c e m e n t  a t  b a c k w a r d  a n g l e s .  A l l  t h e s e  f e a t u r e s  

i n d i c a t e  t h a t '  t h e  r e a c t i o n  p r o c e e d s  p r e d o m i n a t e l y  b y  com­

pound n u c l e u s  m e c h a n i s m  w h i c h  s u p p o r t s  t h e  c o n c l u s i o n  d r awn  

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

5 . 3 7  MeV s t a t e  p r e s e n t e d  h e r e  a r e  t h e  f i r s t  d a t a  a v a i l a b l e  

i n  t h e  l i t e r a t u r e .

The t o t a l  c r o s s  s e c t i o n s  w e r e  o b t a i n e d  by f i t t i n g  t h e  

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

and  d e t e r m i n g  t h e  z e r o  o r d e r  c o e f f i c i e n t .  T h e s e  a r e  p l o t t e d  

a s  a f u n c t i o n  o f  t h e  b o m b a r d i n g  e n e r g i e s  f r o m 0 . 9  t o  2 . 5  MeV
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ANGULAR DISTRIBUTION FOR 6 LI(3.56)
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ANGULAR DISTRIBUTION .FOR eLI(3.56)
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ANGULAR DISTRIBUTION FOR 0LI(3.56)
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ANGULAR DISTRIBUTION FOR 6LI(5.37)
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ANGULAR DISTRIBUTION FOR 6LI(5.37)
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ANGULAR DISTRIBUTION FOR 6LI(5.37)
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Energy Dependence of the At defined by 
d<r/dQ=2 AjP^cos^) 

for the 6Li(g.3.) 3tate
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E n e r g y  D e p e n d e n c e  o f  t h e  A r d e f in e d  b y  

d a /d Q = X ) A ^ /c o s # )  

f o r  t h e  6Li(2.18) s ta te
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E n e r g y  D e p e n d e n c e  o f  t h e  A i d e f in e d  b y  

d c r / d D = S  A iP](cos0) 

f o r  t h e  fiL i(3 .55) s ta te
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LO n

E n e r g y  D e p e n d e n c e  o f  t h e  Aj d e f in e d  b y  

d a /d Q ^ X )  A iP^cosfl) 

f o r  t h e  6Li(5<37) s ta te
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and a r e  shown i n  F i g . 2 6 - 2 9 -  C u r v e s  a r e  drawn s m o o t h l y  by 

hand  and a r e  m e r e l y  m ean t  t o  g u i d e  t h e  e y e .  The t o t a l  c r o s s  

s e c t i o n s  o f  t h e  g r o u n d  s t a t e  and t h e  f i r s t  two e x c i t e d  

s t a t e s  y i e l d  no u n a m b ig u o us  e v i d e n c e  f o r  r e s o n a n c e s .  Howev­

e r ,  t h e  t o t a l  c r o s s  s e c t i o n  o f  t h e  5 - 3 7  MeV e x c i t e d  s t a t e  

d o e s  show e v i d e n c e  o f  r e s o n a n c e s  a t  1 . 0 ,  1 . 4 5  and 2 . 1 5  MeV 

and p o s s i b l y  a r o u n d  1 . 8  MeV a s  w e l l .

The L e g e n d r e  p o l y n o m i a l  c o e f f i c i e n t s  ^0 , A i  o b ­

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

t i o n s ,  and p l o t t e d  i n  F i g . 2 6 - 2 9 ,  c a n  be  compa red  w i t h  t h o s e  

o f  P a u l  e t  a l ( R e f . 1 1 )  f o r  t h e  g . s .  and f i r s t  two e x c i t e d  

s t a t e s .  The o v e r a l l  a g r e e m e n t  b e t w e e n  t h e  p r e s e n t  d a t a  and 

t h a t  o f  R e f . 11 i s  v e r y  g o o d ,  l e n d i n g  s u p p o r t  t o  t h e  a c c u r a c y  

o f  t h e  new d a t a  o b t a i n e d  f o r  t h e  5 - 3 7  MeV s t a t e .  The n u m e r i ­

c a l  v a l u e s  o f  t h e s e  c o e f f i c i e n t s  a r e  l i s t e d  i n  T a b l e  2 2 - 2 5 .

C. DWBA C a l c u l a t i o n s

The (3He,c()  r e a c t i o n  i s  c o n v e n t i o n a l l y  t r e a t e d  a s  a 

n e u t r o n  t r a n s f e r  p r o c e s s  a t  b o m b a r d i n g  e n e r g i e s  wh ic h  a r e  

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

p h y s i c a l  i n t e r p r e t a t i o n  a ssumed i s  t h a t  t h e  p r o j e c t i l e  i n ­

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

n e u t r o n ,  f o r m i n g  t h e  o u t g o i n g  a l p h a - p a r t i c l e  and t h e r e b y  

t e n d s - t o  m a i n t a i n  t h e  same d i r e c t i o n ( f o r w a r d )  a s  t h e  p r o j e c ­

t i l e .
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F o r  a l l  e x c i t e d  s t a t e s  o f  ^Li  p o p u l a t e d  i n  t h e  

p r e s e n t  e x p e r i m e n t ,  t h e  J n v a l u e s  h a v e  b e e n  w e l l  e s t a b l i s h e d  

l e a v i n g  no a m b i g u i t y  i n  d e t e r m i n g  t h e  a n g u l a r  momentum c a r ­

r i e d  by t h e  t r a n s f e r r e d  n u c l e o n  f o r  t h e  DWBA c a l c u l a t i o n s .

The a n g u l a r  momentum c a r r i e d  by  t h e  t r a n s f e r r e d  n e u -
■f

t r o n  i n  t h e  d i r e c t  p i c k - u p  p r o c e s s  f o r  t h e  v a r i o u s  ^Li  

s t a t e s  t r a n s i t i o n s  a r e  l i s t e d  i n  T a b l e  1.

The bound  s t a t e  wave f u n c t i o n  f o r  t h e  t r a n s f e r r e d  nu ­

c l e o n  was d e t e r m i n e d  by c a l c u l a t i n g  c r o s s  s e c t i o n s  f o r  

s e v e r a l  d i f f e r e n t  s e t s  o f  bound  s t a t e  w e l l  p a r a m e t e r s  a s  

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

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

wa rd  a n g l e s  was r e a c h e d .

A f t e r  o b t a i n i n g  t h e  b e s t  s e t  o f  p a r a m e t e r s  f o r  t h e  

bound  s t a t e  f orm f a c t o r  t h e  n e x t  s t e p  was  t o  s e a r c h  t h e  o p t ­

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

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

s e c t i o n s .  I n  t h e s e  c a l c u l a t i o n s ,  t h e  c o n t r i b u t i o n s  f rom d i f ­

f e r e n t  t r a n s f e r r e d  a n g u l a r  momentum w e re  a d d e d  i n c o h e r e n t l y .

The o p t i c a l  p o t e n t i a l  i n  t h e  e n t r a n c e  c h a n n e l  was o b ­

t a i n e d  f rom an a n l y s i s  o f  ^Li  + ^He e l a s t i c  s c a t t e r i n g  a t  11 

MeV by  S c h e k l i n s k i  e t  a l ( R e f . 4 5 )  and l i s t e d  i n  T a b l e  2 .  The 

DWBA c a l c u l a t i o n s  we r e  n o t  p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  e n ­

t r a n c e  c h a n n e l  p o t e n t i a l .  The r e s u l t s  w e re  more  s e n s i t i v e  

t o  t h e  e x i t  c h a n n e l  p o t e n t i a l .  S i n c e  no d a t a  e x i s t s  f o r  a l -
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Table 1

B o u n d - S t a t e  Woods-Saxon  P o t e n t i a l  P a r a m e t e r s

S y s t e m O r b i t Es e Vo R ( f m ) ' a (  fm)

n+^He l S 1/2 2 0 . 5 7 8 60 1 . 1 0 0 .  50

n+^ L i 1P1 / 2 , 3 / 2 7 . 2 5 3 65 1 . 30 0 .  60

T a b l e  2

O p t i c a l - m o d e l  p a r a m e t e r s  u s e d  i n  z e r o - r a n g e  DWBA a n a l y s i s  

S y s t e m  VQ wv Ws RQ Rv Rs a 0 a v a s

7Li+3He 180 20 6 . 0  1 . 7  2 . 3  1 . 7  0 . 6 5  0 . 6 0  0 . 6 5

<(+6L i  19*| 20 1 . 8  2 . 0  1 . 8  0 . 5 5  0 . 4 3  0 . 5 5

T a b l e  3

S p e c t r o s c o p i c  F a c t o r  o f  Cohen and K u r a t h  

O r b i t  Ground S t a t e  5 . 3 7  MeV S t a t e

l p 1 / 2  ° ‘ 29 0 , 2 7

1 p 3 / 2 0 . 4 9  0 . 3 3
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pha  s c a t t e r i n g  on ^ L i  a t  t h e s e  e n e r g i e s ,  p o t e n t i a l s  f rom an 

a n a l y s i s  by Z a n d e r  e t  a l  ,( R e f . 47)  a t  16 MeV w e r e  t r i e d .  The 

o p t i c a l  mode l  p a r a m e t e r s  so  o b t a i n e d  a r e  l i s t e d  i n  T a b l e  2 

f o r  b o t h  e n t r a n c e  and e x i t  c h a n n e l s .

I n  o r d e r  t o  f i t  t h e  m a g n i t u d e  o f  t h e  e x p e r i m e n t a l  

c r o s s  s e c t i o n  p r o p e r l y ,  a r e n o r m a l i z a t i o n  c o n s t a n t  was f o u n d  

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

T h r o u g h o u t  t h e  e n t i r e  p a r a m e t r i z a t i o n  p r o c e d u r e  t h e  

c o u lo m b  r a d i u s  and  t h e  s p i n - o r b i t  g e o m e t r y  p a r a m e t e r s  we re  

s e t  e q u a l  t o  t h e  c o r r e s p o n d i n g  r e a l  w e l l  p a r a m e t e r s  and we r e  

n o t  a l l o w e d  t o  v a r y  o t h e r w i s e .  A l l  a t t e m p t s  t o  o b t a i n  s a ­

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

d a t a  u s i n g  v o l u m e  W ood s -Saxon  p o t e n t i a l s  f a i l e d .

The ? L i ( 3 H e  , c O^ L i  d i f f e r e n t i a l  c r o s s  s e c t i o n s  c a l c u ­

l a t e d  w i t h  t h e  p a r a m e t e r s  o f  T a b l e  2 and  a r e n o r m a l i z a t i o n  

c o n s t a n t  o f  R = 10 w e r e  c o m p a r ed  t o  t h e  e x p e r i m e n t a l  d a t a  a t  

1 . 8 ,  2 . 1 5  and 2 . 5  MeV f o r  b o t h  t h e  g r o u n d  s t a t e  and 5 . 3 7  MeV 

s t a t e .  The s p e c t r o s c o p i c  f a c t o r s  h a v e  b e e n  t a k e n  f rom Cohen 

and K u r a t h ( T a b l e  3 ) .  The n o r m a l i z a t i o n  f a c t o r  was v a r i e d  t o  

o b t a i n  t h e  o v e r a l l  f i t  a t  1 . 8  MeV f o r  t h e  g r o u n d  s t a t e  d a t a ,  

t h e n  was k e p t  f i x e d  f o r  t h e  r e s t  o f  c a l c u l a t i o n s .  The 

r e s u l t s  a r e  shown i n  F i g . 30 & 31* As c a n  b e  s e e n  f rom t h e s e  

f i g u r e s ,  t h e  DWBA c a l c u l a t i o n s  a r e  i n  p o o r  a g r e e m e n t  w i t h  

t h e  e x p e r i m e n t a l  d a t a  e s p e c i a l l y  a t  2 . 1 5  MeV. The d i s a g r e e ­

men t  i s  m o s t  p r o n o u n c e d  r e g a r d i n g  t h e  r a t i o  o f  b a c k  a n g l e  t o
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ANGULAR DISTRIBUTION FOR 6LI(g.s.) 

AND DWBA CALCULATION
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ANGULAR DISTRIBUTION' FOR 6LI(5.37) 

AND DWBA CALCULATION
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f o r w a r d  a n g l e  c r o s s  s e c t i o n s .

D. Decay  o f  t h e  5 . 3 7  MeV S t a t e

F o r  t h e  d - d  c o i n c i d e n c e  m e a s u r e m e n t s ,  a 121 pm SB 

d e t e c t o r  w i t h  1 /2  m i l  m y l a r  f o i l  i n  f r o n t  o f  i t  was u s e d  t o  

d e t e c t  t h e  f i r s t  e m i t t e d  a l p h a  p a r t i c l e  a t  3 0 °  f o r m i n g  t h e  

5 . 3 7  MeV e x c i t e d  s t a t e .  A 2 2 . 7  pm SB d e t e c t o r ,  w h i c h  c a n  

s t o p  a l p h a  p a r t i c l e  e n e r g i e s  up t o  4 . 8  MeV, p r o t o n  e n e r g i e s  

up t o  1 . 2 2  MeV, d e u t e r o n  e n e r g i e s  up t o  1 . 4 8  MeV, was  u se d  

t o  d e t e c t  t h e  s e c o n d  e m i t t e d  a l p h a  p a r t i c l e s  f r om t h e  d e c a y  

o f  ^ L i . A 300 pm SB d e t e c t o r  p l a c e d  r i g h t  b e h i n d  i t  s e r v e d  

a s  a r e j e c t  d e t e c t o r  t o  e l i m i n a t e  e v e n t s  c o r r e s p o n d i n g  t o  

more  e n e r g e t i c  a l p h a  p a r t i c l e s  p a s s i n g  t h r o u g h  t h e  2 2 . 7  pm 

d e t e c t o r .  The e n s e m b l e  was c o l l i m a t e d  by a 5 / 3 2 "  X 5 / 1 6 "  

a p e r a t u r e  l o c a t e d  3 . 5 "  f r om t h e  t a r g e t .  Decay a l p h a  p a r t i ­

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

f i r s t  e m i t t e d  a l p h a  p a r t i c l e s  a t  3 0°  and f o r  a 3He b o m b a r d ­

i n g  e n e r g y  o f  2 . 1 5  MeV.

C o n v e n t i o n a l  f a s t - s l o w  t i m i n g  t e c h n i q u e s  w e re  u s e d  a s  

d i s c u s s e d  i n  s e c t i o n  I I I  F i g .  8 d e s c r i b e  t h e  e l e c t r o n i c s  e x ­

c e p t  f o r  t h e  a d d i t i o n  o f  a r e j e c t  d e t e c t o r  w i t h  a s s o c i a t e d  

s p e c t r o s c o p y  a m p l i f i e r  and TSCA, s u p p l y i n g  an a n t i c o i n ­

c i d e n c e  p u l s e  t o  t h e  s l o w  c o i n c i d e n c e  u n i t .  A t y p i c a l  TAC 

s p e c t r u m  t a k e n  d u r i n g  t h e  r u n  i s  shown I n  F i g . 32 .  T ru e  t o  

r andom r a t i o s  b e t t e r  t h a n  10 t o  1 and t h e  FWHM i s  a b o u t  10
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n s .

One e x p e c t s  t o  o b s e r v e  c e r t a i n  two body  f i n a l  s t a t e  

c o i n c i d e n t  e v e n t s  b e t w e e n  o C - p a r t i c l e s  and ^L i  n u c l e i  s t a b l e  

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

s t a b l e  and t h e  2 . 1 8  l e v e l  i s  a b o v e  o n l y  t he - c f  + d t h r e s h o l d ,  

t h e  7 L i ( 3he  , cC)^Li ( g . s  . )  and ? L i ( 3 H e  , c O ^ L i ( 2  . 18)-->c<+d r e a c ­

t i o n s  s h o u l d  be  t h e  d o m i n a n t  t w o -  and t h r e e - b o d y  r e a c t i o n s  

r e s p e c t i v e l y .  I t  i s  a l s o  e x p e c t e d  t h a t ,  f o r  t h e  d - d  c o i n ­

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

w i l l  g i v e  r i s e  t o  on e  more  s y m m e t r i c  p e a k  w h i c h  r e s u l t s  f r om 

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

F i g . 3 3 - 3 9  shown t h e  e x p e r i m e n t a l l y  o b s e r v e d  t w o -  

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

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

t h i s  c u r v e  a r e  i d e n t i f i e d  c o r r e s p o n d i n g  t o  t h e  2 . 1 8  MeV e x ­

c i t e d  s t a t e  o f  ^ L i . The d e c a y s  i n t o  c£ + p + n a r e  a ccumu­

l a t e d  i n  a v e r t i c a l  band  w i t h i n  t h e  r e g i o n  o f  t h e  f o u r  body  

f i n a l  s t a t e .  The c u r v i n g  s h a p e s  a p p e a r  on t h e  h i g h  e n e r g y  

end  a r e  du e  t o  t h e  k i n e m a t i c  e f f e c t  on t h e  b r o a d  w i d t h  o f  

t h e  5 . 3 7  MeV s t a t e .  F i g . 40 shows t h e  t h e o r e t i c a l l y  c a l c u l a t ­

ed k i n e m a t i c  c u r v e s  w i t h  and w i t h o u t  a m y l a r  f o i l  i n  f r o n t  

o f  t h e  3 0 °  d e t e c t o r .

E n e r g y  c a l i b r a t i o n  was d o n e  u s i n g  t h e  f o u r  p e a k s  a p ­

p e a r  i n  t h e  r e c o i l  a n g l e  s p e c t r u m ,  d 1 e n e r g i e s  w e r e  c h e c k e d  

w i t h  t h e  c a l i b r a t i o n  o f  t h e  s i n g l e s  s p e c t r u m  a t  3 0 ° .  B a c k -
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oc—a  K in e m a tic  C u rv e  fo r  t h e  R eaction  
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g r o u n d  s u b t r a c t i o n  was d o n e  i n  a same m an n e r  a s  d e s c r i b e d  

b e f o r e .

The oC—c£ c o i n c i d e n c e  s p e c t r a  we r e  p r o j e c t e d  o n t o  t h e

^ 2  a x i s  and  co m p a re d  w i t h  t h e  f i n a l  s t a t e  p h a s e  s p a c e  d i s ­

t r i b u t i o n .  T h e s e  a r e  p l o t t e d  i n  F i g . 4 1 - 4 3 .  A l l  t h e  y i e l d s  

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

s p e c t r a  w e re  n o r m a l i z e d  i n  s u c h  a way a s  t o  h a v e  t h e  same 

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

The l a b o r a t o r y  a l p h a  p a r t i c l e  e n e r g i e s  c o r r e s p o n d i n g  t o  

k i n e m a t i c  minimum and maximum e n e r g i e s  i n  t h e  ^ L i ( 5 . 3 7 )  CM 

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

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

r y  s y s t e m  f o r  c o m p a r i s o n .  The e x p r e s s i o n  f o r  t h e  p h a s e  

s p a c e  d i s t r i b u t i o n  i n  t h e  CM s y s t e m  [ E ^ ( q / 3 -  E ^ ) ] 1 ^2 was 

t a k e n  f rom Geesaman  e t  a l ( R e f . 4*1) .

As c a n  b e  s e e n  f rom t h e  d i a g r a m s ,  t h e  y i e l d  i n  t h e  

l ow  e n e r g y  p a r t  o f  t h e  p r o j e c t e d  d 2 c o i n c i d e n c e  s p e c t r a  i s  

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

H ow eve r ,  t h e  s p e c t r a  a t  1 0 4 . 2 °  and 1 5 5 ° ,  w h i c h  a n g l e s  a r e  

s y m m e t r i c a l l y  p l a c e d  r e l a t i v e  t o  t h e  r e c o i l  d i r e c t i o n ,  show 

a r e d u c t i o n  i n  c o u n t s  i n  t h e  low e n e r g y  p a r t  o f  t h e  s p e c ­

t r u m  .

The t w o - d i m e n s i o n a l  s p e c t r a  w e r e  a l s o  p r o j e c t e d  o n t o

t h e  c(  ̂ a x i s  a l o n g  t h e  k i n e m a t i c  ba n d  c o r r e s p o n d i n g  t o  c(+d 

d e c a y  t o  l o o k  f o r  e v i d e n c e  o f  an i s o s p i n  f o r b i d d e n  b u t
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C o in c id en ce  a n d  P h a se  Space S pectra
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C oincidence and Phase Space Spectra
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800 n E*t r a =MIN

W = m a x
E ,Ito= 3 .1 5  M eV

* « r 3 o° 0
0  = - 1 5 5 .0 °

6 0 0  - i

4 -0 0  “ i

200  -

p r o to n  c u t o f f

G0 4-1 3 52
Ea(Lab, MeV)

8 0 0 ," i E ^ m =MlN
=MAX!c-m.

E5r = S .15 M eV

0 = 3 0 °  
ea~-104,Z°

600  -

4 0 0  i

2 0 0  -j

p ro to n  c u to f f

4- G0 1 3 52
Ea(LatoJ MeV)



CO
UN

TS
 

C
O

U
N

TS

99

C oincidence a n d  P h ase  Space S pectra
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k i n e m a t i c a l l y  a l l o w e d  d e c a y  o f  t h e  5 . 3 7 . MeV s t a t e . ( F i g . 4 4 )

The c£-d c o i n c i d e n c e  s p e c t r a  r e s u l t i n g  f rom e i t h e r  o f  

t h e  two r e a c t i o n s  ?Li  ( ^He ,aC) ^L i*  - - >  d + d o r

^ L i t ^ H e  , d ) ^ B e ( 4 )  (c£) w e r e  o b t a i n e d  w i t h  a p a r t i c l e  i d e n t i f ­

i e r  s e l e c t i n g  t h e  d e u t e r o n s .  D e t e c t o r  c o n f i g u r a t i o n s  we r e  

t h e  same a s  t h a t  o f  t h e  d - d  c o i n c i d e n c e  m e a s u r e m e n t s  e x c e p t  

t h e  d e t e c t o r  p o s i t i o n  was 1 and  1 / 1 6 "  away f r o m  t h e  t a r g e t .  

Thus  t h e  d e t e c t o r  h a l f  a n g l e  was 4 . 2 1 °  and t h e  s o l i d  a n g l e  

4 3 . 2 5  m s r . An c£-d TAC s p e c t r u m  i s  shown i n  F i g . 45 .

The d e u t e r o n s  w e re  k i n e m a t i c a l l y  c o n s t r a i n e d  t o  l i e  

a l o n g  t h e  band  w h i c h  i s  shown i n  F i g . 4 6 - 4 7 .  The i n t e n s e  p e ak  

a t  ( 9 - 2 5 , 2 . 9 2  MeV) r e s u l t s  f rom t h e  d - d e c a y  o f  t h e  2 . 1 8  MeV 

s t a t e  i n  ^ L i . The sum a l o n g  t h e  k i n e m a t i c  band  a r e  p r o j e c t ­

ed o n t o  b o t h  t h e  a l p h a  and d e u t e r o n  a x e s  and a r e  p l o t t e d  i n  

F i g . 4 8 - 4 9 .  S t a t e s  i n  ^L i  w h i ch  a p p e a r  a s  p e a k s  i n  t h e  s i n ­

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

t h e y  d e c a y  by  d ~ e m i s s i o n .  S t r o n g  d - d e c a y  f rom t h e  2 . 1 8  l e v e l  

i s  s e e n  i n  c h a n n e l  46 o f  F i g . 48 and c h a n n e l  53 o f  F i g . 49 a s  

would  be  e x p e c t e d ,  s i n c e  t h i s  l e v e l  i s  known t o  d e c a y  a l m o s t  

100% by d - e m i s s i o n .  The r e m a i n i n g  d - y i e l d  s p e c t r u m  shows 

d i s a p p o i n t i n g l y  l i t t l e  s t r u c t u r e .  We e x p e c t e d  c o n t r i b u t i o n s  

a l o n g  t h i s  b a nd  f rom t h e  4 . 5 7  MeV l e v e l  even  t h o u g h  t h i s  

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

w i d t h  o f  t h i s  l e v e l  and t h e  2 . 9 4  MeV l e v e l  i n  s m e a r  o u t

t h e  d - y i e l d  n e a r  t h e  l o c a t i o n  o f  t h e  5 . 3 7  l e v e l .  The a b s e n c e  

o f  p r o n o u n c e d  s t r u c t u r e  i n  t h e  p r o j e c t e d  s p e c t r u m  p r e c l u d e s
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a  — d TAC S p e c tr u m
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a  — d S p e c tr u m  p rojected  onto d—a x is
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more  d e f i n i t e  e x t r a c t i o n  o f  a b r a n c h i n g  r a t i o  f o r  d e c a y  

o f  6L i ( 5 . 3 7 )  i n t o  d + d .

The s e c o n d  v a l u e  0 ^ - 9 5 °  was c h o s e n  f o r  t h e  p u r p o s e

o f  r e m o v i n g  t h e  l a r g e  e n h a n c e m e n t  due  to.  t h e  f o r m a t i o n  and

d e c a y  o f  t h e  ® B e ( 2 . 9 4 )  s t a t e .  The l a r g e  y i e l d  f rom t h e  d e c a y  

o f  2 . 1 8  l e v e l  s e e n  a t  © ^ = - 1 2 9 . 6 °  d i s a p p e a r s  a t  Q ^ s - 9 5 0 a s  i t  

i s  no l o n g e r  k i n e m a t i c a l l y  a l l o w e d .  The p r o j e c t i o n  o f  t h i s  

c o i n c i d e n c e  s p e c t r u m  shown i n  F i g . 49 d o e s  n o t  i m p r o v e  t h e  

s e p a r a t i o n  good e n o u g h  t o  e x t r a c t  t h e  c o n t r i b u t i o n s  f rom d e ­

c a y  c h a n n e l  o f  d+d

I t  s h o u l d  be  n o t e d  t h a t  t h e r e  i s  a c o n s i d e r a b l e  p o p u ­

l a t i o n s  o f  t h e  k i n e m a t i c  l o c u s  i n  t h e  v i c i n i t y  o f  t h e  5 . 3 7  

l e v e l  and a l s o  some e v i d e n c e  f o r  t h e  o c c u r r e n c e  o f  t h e  4 . 5 7  

MeV s t a t e  w h i c h  was  n o t  s e e n  i n  t h e  s i n g l e s  s p e c t r a .

The m e a s u r e d  ot-d c o i n c i d e n c e  s p e c t r a  do  n o t  show a ny

p o s s i b l e  e v i d e n c e  f o r  d e c a y  o f  ^ L i ( 5 . 3 7 )  s t a t e  i n t o  a l p h a  

- p a r t i c l e  and a d e u t e r o n .  The m a j o r  d e c a y s  f ro m  t h i s  l e v e l  

m u s t  t h e r e f o r e  b e  e i t h e r  p + ^He - - >  n + c£ o r  d i r e c t

b r e a k u p  i n t o  oC + p + n .  T h i s  l e a d s  t o  t h e  d  -  p c o i n c i d e n c e  

m e a s u r e m e n t .

The c t -p  c o i n c i d e n c e  s p e c t r u m  was u n d e r t a k e n  i n  an a t ­

t e m p t  t o  r e s o l v e  t h e  d e c a y s  o f  t h e  5 . 3 7  l e v e l  v i a  t h e  f o l ­

l o w i n g  two c h a n n e l s :  a s e q u e n t i a l  d e c a y  t h r o u g h  t h e

b r o a d  ^He g r o u n d  s t a t e  o r  a d i r e c t  b r e a k u p  i n t o  cC + p + n .  

D e t e c t o r  c o n f i g u r a t i o n s  w e re  t h e  same a s  t h o s e  o f  d - d  and
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d - d  m e a s u r e m e n t s  e x c e p t  p a r t i c l e  i d e n t i f i e r  window s e t  on 

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

shown i n  F i g . 50 .

The e x p e r i m e n t a l l y  o b s e r v e d  d - p  c o i n c i d e n c e  s p e c t r u m  

i s  shown i n  F i g . 5 1 .  A k i n e m a t i c a l l y  c o n s t r a i n e d  c u r v e  i s  no 

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

t i o n .  The k i n e m a t i c  r e g i o n  o f  t h e  s p e c t r u m  w e re  p r o j e c t e d  

o n t o  t h e  p r o t o n  a x i s  and  w e r e  c o m p a r e d  w i t h  t h e  p h a s e  s p a c e  

d i s t r i b u t i o n C F i g . 5 2 ) .  D e c a y i n g  p r o t o n s  f o r m i n g  t h e  ^He 

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

c o m p a r ed  w i t h  t h e  a v a i l a b l e  p h a s e  s p a c e ,  shows  t h a t  a f a i r  

am ou n t  o f  c o n t r i b u t i o n  co mi ng  f r om  t h e  s e q u e n t i a l  d e c a y  

c h a n n e l  o f  p + .
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a  -  p  C o in c id en ce  S p e c tr u m

6 -i

5 -

3 -

F i g .  51
E3fI= 2 .1 5  M eV

0 3 = 3 0 °
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RESULTS AND DISCUSSIONS

A. Me chan i sm  o f  t h e  F i r s t - S t e p  R e a c t i o n

From t h e  e x c i t a t i o n  c u r v e s C F i g . 1 0 - 1 3 )  m e a s u r e d  a t  l a ­

b o r a t o r y  a n g l e s  o f  3 0 ° ,  9 0 °  and 1 5 0 °  and t h e  t o t a l  r e a c t i o n  

c r o s s  s e c t i o n s C F i g . 2 6 - 2 9 ) ,  t h e  5 . 3 7  MeV s t a t e  d o e s  show 

c l e a r  e v i d e n c e  o f  r e s o n a n c e s  a t  b o m b a r d i n g  e n e r g i e s  o f

1 . 0 ,  1 . 4 5  and 2 . 1 5  MeV w h i c h  c o r r e s p o n d  t o  t h e  f o r m a t i o n  o f  

t h e  compound n u c l e u s  10B a t  e x c i t a t i o n  e n e r g i e s  o f  1 8 . 4 3 ,  

1 8 . 8  and 1 9 . 3  MeV r e s p e c t i v e l y ,  c o r r e s p o n d i n g  t o  known l e v ­

e l s  i n  10B. T h i s  r e s o n a n c e  b e h a v i o r  i s  i n  c o n t r a s t  t o  t h e  

e x c i t a t i o n  f u n c t i o n s  f o r  t h e  g r o u n d  and f i r s t  two e x c i t e d  

s t a t e s  o f  ^Li  w h i c h  do  n o t  y i e l d  any  e v i d e n c e  f o r  r e s o ­

n a n c e s .  The p r e s e n t  d a t a  s u p p o r t  T=1,  i s o s p i n  a s s i g n m e n t s  

f o r  a l l  t h r e e  l e v e l s  i n  ^ B ,  b a s e d  on t h e i r  cC-decay t o  a T=1 

l e v e l  i n  ^ L i .  The w i d t h s  o f  t h e s e  ^ B  l e v e l s  f r om t h e  

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

o f  A j z e n b e r g - S e l o v e C R e f . 4 ) .

Bo th  e x c i t a t i o n  f u n c t i o n s  and a n g u l a r  d i s t r i b u t i o n s  

f o r  t h e  g r o u n d  and f i r s t  two e x c i t e d  s t a t e s  a r e  i n  v e r y  good 

a g r e e m e n t  w i t h  t h o s e  m e a s u r e d  by  F o r s y t h  e t  a l C R e f . 3 9 )  and 

by P a u l  e t .  a l C R e f . 1 1 ) .  The a n g u l a r  d i s t r i b u t i o n s  f o r  t h e  

g r o u n d  s t a t e  and t h e  f i r s t  two e x c i t e d  s t a t e s  do  n o t  show 

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

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

a r e  much more  e n e r g y  d e p e n d e n t  t h a n  t h o s e  o f  t h e  f i r s t  and 

s e c o n d  e x c i t e d  s t a t e s .  The a n g u l a r  d s t r i b u t i o n s  f o r  t h e  

5 . 3 7  MeV s t a t e  a r e  n e a r l y  i s o t r o p i c  a t  1 .1  and  1 . 4  MeV and 

e x h i b i t  a h i g h e r  d e g r e e  o f  sy m m et ry  a b o u t  9 0 °  CM a n g l e  i n  

t h e  v i c i n i t y  o f  2 . 1  MeV. T h i s  phenomenum s u p p o r t s  t h e  

r e s u l t s  o f  t h e  e x c i t a t i o n  f u n c t i o n  w i t h  r e s p e c t  t o  a com­

pound n u c l e u s  r e a c t i o n  m e c h a n i s m .

B. DWBA A n a l y s i s

The  DWBA c a l c u l a t i o n s C F i g . 3 0 - 3 1 )  c a n n o t  r e p r o d u c e  t h e  

m e a s u r e d  a n g u l a r  d i s t r i b u t i o n s  a t  1 . 8 ,  2 . 1 5  and 2 . 5  MeV 

i n c i d e n t  e n e r g i e s  f o r  e i t h e r  t h e  g r o u n d  s t a t e  o r  t h e  5 . 3 7  

MeV s t a t e s .  P r e v i o u s  DWBA c a l c u l a t i o n s  o f  t h i s  r e a c t i o n  

p e r f o r m e d  by Z a n d e r ( R e f . 4 6 )  a t  i n c i d e n t  e n e r g i e s  o f  16-

18 MeV, w h e r e  t h e  d a t a  a r e  r e l a t i v e l y  f r e e  f rom compound n u ­

c l e u s  r e s o n a n c e  s t r u c t u r e ,  h a s  shown t h a t  b o t h  f r o n t  and 

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

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

a n a l y s i s ,  w h i l e  t h e  z e r o - r a n g e  DWBA c a l c u l a t i o n  i s  a f a c t o r  

o f  25 s m a l l e r  t h a n  t h e  m e a s u r e d  c r o s s  s e c t i o n .  I n  o u r  c a l c u ­

l a t i o n ,  a r e n o r m a l i z a t i o n  f a c t o r  o f  10 h a s  b e e n  e m p l o y e d  i n  

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

Z a n d e r ' s  work  i s  s o  f a r  t h e  o n l y  e x a m p l e  o f  s u c c e s s f u l  f i t s
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t o  t h e  a n g u l a r  d i s t r i b u t i o n s  f o r  t h i s  . r e a c t i o n  u s i n g  DWBA 

c a l c u l a t i o n s .  T h e i r  d a t a  we re  t a k e n  a t  s i g n i f i c a n t l y  

h i g h e r  3He b o m b a r d i n g  e n e r g i e s  t h a n  o u r s .  The d i s a g r e e m e n t  

i n  o u r  c a l c u l a t i o n  i s  n o t  s u r p r i s i n g  s i n c e  t h e  DWBA c a l c u l a ­

t i o n  i s  n o t  e x p e c t e d  t o  be  s u i t a b l e  f o r  t h e  r e a c t i o n s  i n ­

v o l v i n g  l i g h t  t a r g e t  n u c l e i ,  e s p e c i a l l y  a t  r e l a t i v e l y  low 

b o m b a r d i n g  e n e r g i e s .

C. B r a n c h i n g  R a t i o s

The  f o u r - b o d y  k i n e m a t i c  r e g i o n  i n  t h e  d-c£ c o i n c i d e n c e  

s p e c t r a  was p r o j e c t e d  o n t o  t h e  c<2 a x i s .  The p r o j e c t e d  s p e c ­

t r a ,  w h i c h  a r e  p l o t t e d  i n  F i g . 4 1 - 4 3 ,  show e n h a n c e m e n t  a t

low(CM) d 2 e n e r g i e s  r e l a t i v e  t o  h i g h  0(2 e n e r g i e s ,  co m p a re d  

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

c e p t  t h o s e  o f  1 0 4 . 2 °  and 1 5 5 ° .  At t h e s e  two a n g l e s ,  w h i c h  

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

The s p e c t r a  p r o j e c t e d  o n t o  t h e  cf  ̂ a x i s  a l o n g  t h e  c£ + 

d k i n e m a t i c  band  a r e  shown i n  F i g . 44 .  Th es e  s p e c t r a  r e v e a l  a 

s m a l l  s h o u l d e r  a t  t h e  l o c a t i o n  o f  t h e  5 . 3 7  l e v e l  b u t  m o s t  o f  

t h e  c o n t r i b u t i o n  i n  t h i s  r e g i o n  comes  f rom t h e  ^ B e ( 2 . 9 4 )  

and  ^ L i ( 4 . 5 7 )  s t a t e s ,  b o t h  o f  w h i c h  a r e  v e r y  b r o a d .  These  

s h o u l d e r s ,  i n  t h e  p r o p e r  l o c a t i o n  f o r  t h e  5 . 3 7  MeV s t a t e ,  

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

j a c e n t  r e g i o n s
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B r a n c h i n g  r a t i o s  f o r  t h e  i s o s . p i n  f o r b i d d e n  d e c a y  

c h a n n e l  o f  c£ + d we re  t h e n  d e d u c e d  f rom t h e  p r o j e c t e d  s p e c ­

t r a  a t  104°  and 1 1 5 ° ( F i g . 4 4 )  by a s s u m i n g  t h a t  t h e  d e c a y  i s  

i s o t r o p i c .  The e x p r e s s i o n  u s e d  f o r  t h i s  c a l c u l a t i o n  was

B R  -  * " Nd.  v  d t f ( E . s . )  v  dOgCLab) 1 ‘
‘ " ^ (g. s .) a<nl. 37)  dii2 ( C M) AU2 ( L ab j  '

w he re  Nd t h e  c o u n t s  o f  t h e  d e c a y  p a r t i c l e .  The r e s u l t s ,  

a r e  1 . 1 ?  and 0 . 9 5 ?  f rom t h e  115°  and 1 0 4 . 2 °  d a t a  r e s p e c t i v e ­

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

p r o b a b l y  n o t  a d e q u a t e  and t h a t  t h e  s t a t i s t i c s  a r e  v e r y  p o o r ,  

i t  i s  p o s s i b l e  o n l y  t o  d e d u c e  an u p p e r  l i m i t  f o r  t h e  d + d 

b r a n c h .  An u p p e r  l i m i t  o f  ( 1 + 1 ) ?  i s  t h e r e f o r e  d e t e r m i n e d  

f rom t h e  p r e s e n t  m e a s u r e m e n t .  T h i s  r e s u l t  ‘ c a n  b e  co mp a r ed  

w i t h  p r e v i o u s  m e a s u r e m e n t s ( R e f . 1 7 » 1 8 ) ,  f r o m  w h i c h  u p p e r  l i m ­

i t s  i n  t h e  r a n g e  o f  1 0 ? ( A r t e m o v  e t  a l )  t o  2 ? ( C o c k e  e t  a l )  

h a v e  b e e n  d e d u c e d .

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

d e c a y s  v i a  c h a n n e l s  o f  ^He + p and  cf + p + n , b o t h  t h e  d - d  

p r o j e c t e d  s p e c t r a  and t h e  d - p  p r o j e c t e d  s p e c t r u m  wer e  

a n a l y z e d  u s i n g  d i f f e r e n t  a p p r o a c h e s .  Fo r  t h e  d - d  a n a l y s i s ,  

t h e  p r o j e c t e d  s p e c t r a  we re  f i t t e d  w i t h  t h e  p h a s e  s p a c e  d i s ­

t r i b u t i o n

= C l [ E t t ( Q / 3 - E 0(- E o+2 ( E o E ^ ) 1 / 2 z ) ] 1 / 2

p l u s  a c o n t r i b u t i o n  coming  f rom s e q u e n t i a l  d e c a y
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C g g / m ^ ( g2 + u ^ - 2 i i g z ) d e r i v e d  by  M o r i n i g o C R e f  . 4 5 )  . T h es e  

e x p r e s s i o n s  h a v e  b e e n  d e s c r i b e d  e a r l i e r  i n  s e c t i o n  I I . F .

A f t e r  a d j u s t i n g  t h e  two p a r a m e t e r s  and C2 t o  g e t  

t h e  b e s t  f i t  b e y o n d  t h e  p r o t o n  c u t o f f  p o r t i o n  o f  t h e  s p e c ­

t r a ,  t h e  r e s u l t s  p l o t t e d  i n  F i g .  5 4 , 5 5  w e r e  o b t a i n e d .

Fo r  t h e  c£-p a n a l y s i s ,  a s i m p l e  B r e i t - W i g n e r  r e s o n a n c e  

w i t h  t h e  f i x e d  c e n t r o i d  and w i d t h  c o r r e s p o n d i n g  t o  t h e  known 

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

f o r  t h e  p + ^He c h a n n e l  and a p h a s e  s p a c e  d i s t r i b u t i o n  was 

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

s p a c e  d i s t r i b u t i o n ( f o r  p r o t o n s )  h a s  t h e  fo rm o f

C2 [ E p ( 5 Q / 6 - E p - E 0 + 2 ( E 0 Ep ) 1 / 2 z ) ] 1 / 2 . The r e s u l t s  o b t a i n e d  u s ­

i n g  t h i s  p r o c e d u r e  a r e  shown i n  F i g . 56 .

B r a n c h i n g  r a t i o s  f o r  t h e  d e c a y  c h a n n e l s  ^He + p and  d 

+ p + n we r e  t h e n  d e d u c e d  f rom t h e s e  f i t s .  The r e s u l t s  a r e  

l i s t e d  i n  T a b l e  4 a l o n g  w i t h  t h e  d a t a  o f  Ar t emov e t  

a l C R e f . 1 8 ) .

D. A l p h a  -  A l p h a  A n g u l a r  C o r r e l a t i o n s

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

t r a n s f o r m e d  t o  t h e  r e s t  s y s t e m  o f  5 . 3 7  MeV s t a t e  o f  and

a r e  shown i n  F i g . 53 f o r  v a r i o u s  (CM)d2 e n e r g i e s .  The a n g u l a r

4
c o r r e l a t i o n  f u n c t i o n  W(G) = 5  A p „ ( Co s 0 )  h a s  b e e n  f i t t e d

« _ n  n n
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A n a ly s is  o f th e  a  — a  C o in c id en ce
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A n a ly s is  o f  t h e  a  — p  C o in c id en ce
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T a b l e  4

B r a n c h i n g  R a t i o s  o f  t h e  De ca ys  f rom ^ L i * ( 5 . 3 7 )

C h a n n e l s  P r e s e n t  D a t a  Ar t emov e t  a l .

c£ + d < ( 0 . 0 1 + 0 . 0 1 )  ' < 0 . 1

p + 5 n e - - >  c£+n 0 . 2 0 + 0 . 1 0 0 . 3 5 + 0 . 1 0

d + p + n 0 . 80+0 .1 0 0 . 6 5 + 0 . 1 0

P a r a m e t e r s u s e d  i n  e x t r a c t i n g t h e  b r a n c h i n g r a t i o s

S p e c t r u m C1 C2 B. R . ( p + ^ H e )  F i g u r e

480 80 0 . 1 6 5 3 .  1

A i A 450 50 0 . 1 0 5 3 . 2
( 1 2 9 . 6 ° ) 400 100 0 . 2 0 5 3 . 3

480 100 0 . 2 0 5 3 - 4
750 200 0 . 2 7 5 4 . 1

d - d 750 . 250 0 . 3 4 5 4 . 2
( 1 2 2 . 0 ° ) 750 300 0 . 4 1 5 4 . 3

680 300 0 . 4 1 5 4 . 4

d -  p
^ 0
40
45

450
400
360

0 . 1 6
0 . 2 1
0 . 2 4

5 5 .  1
5 5 . 2
5 5 . 3

T a b l e  5

C o e f f i c i e n t s  o f  t h e  c£-d A n g u l a r  C o r r e l a t i o n  F u n c t i o n

W<©)=Ao+A2 P2 ( c o s e ) + A i jP 4 ( c o s 9 )  f o r  6L i * ( 5 - 3 7 )  s t a t e

Ed cm Ao a 2 a 4

0 . 6 5 — 0 . 5 5 1 0 9 . 5 - 2 6 . 2  • - 7 8 . 7
0 . 5 5 — 0 . 4 5 2 2 7 . 6 - 1 4 1 . 0 - 8 0 . 9
0 . 4 5 — 0 . 3 5 2 7 2 . 0 - 1 6 7 . 4 - 1 0 6 . 3
0 . 3 5 — 0 . 2 5 2 3 3 . 0 - 1 3 0 . 1 - 4 6 . 7
0 . 2 5 — 0 .15 2 9 7 . 4 - 1 4 3 . 8 - 8 2 .  1
O'. 15— 0 . 0 5 321 . 2 - 1 3 5 . 5 - 4 . 7
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a  — a  A n g u la r  C orrelations

F i g .  56

400 -| 

200  -

l 4 4  +  +  +  +  4 4 , .  +  + Ea = 0 .1  M eiV++++4 ++++*+*++.
I J ++ K +

+ 4*. T J*4 + + 44, + + 4 +  T + + + . T  . + + + T  T + + + i .++++ +++++++++ (> 4'+4-$

0  1— r— i — i— i— |— i— i— i— t— i— |— i— i— i— i— i— |— i— i— r — i— r— | — r —i— i— i— i— |— i— i— I— i— i— |

-1 8 0  -1 2 0  - 6 0  0 60 120 180

400 -> E „ = 0 .2  M e V j. . . , .4444444444
++ +*4 2 ++T +* .

\  ♦ t** **.♦200 -j 

0

+

4 +  + +  4 +  * 4

++* +4+++4 4+<psj
i — r* “ i— r i — |— i— i— i— i— i— r ~ i — i — i — r * " i ~  i — i— i— i— i— i— j— i— i— i— i— i' 1 | “ " i— i— i— i— i— j 

-1 8 0  -1 2 0  - 6 0  0 60 120 180

*00-1  Ea ~ 0 .3  M eV
{200 h  

0
■-4++ +4+++4+ +t*t

i— r - r ~ |— i— i— r - T — I— |— i— i— i— r " i  — f— i— i— i— *— r — j— j— 1— i— i- ~ i— p * i — i— i— i— i— | 

-1 8 0  -120  -6 0  0 60 120 180
400 n E^=D.4- M eV  \

4 + + +  +  +  +  +  +  *  +  +  +  +  +  -  I + + + +  +  i 4 4 . +  +  +  +  +  + + ^

I \  }
200 H 

'  0

4
4

+ + + + h4  4  4  +V .
** + A+ + *4  4  ft  ¥> 4

4  4  4 '  • +

S —i— i—r -T~-j—m —I— I—i—|—i—i—i—r—r * f* T "i—r~i—r—j—i—r —t—i— i—|— i—i—*—i—r3

-1 8 0  —120 - 6 0  0 60 120 180 

400-i E„=0.5 MeV j, |
300 -  

0

* **♦ .**’
4  4 4  * 4  **+ 4 *+ *> +$

4- +  *  +  + *.4 +    *411—i—i—i—i—|—i—i—i—i—i—[-t—r- i—r "< —i—r—i—i—|—i—i—i—i—i—)—i—i—i—i—r*̂
-1 8 0  -1 2 0  -6 0  0 60 120 180

400 -i
~ « 2  ’

2 0 0  -i 

• 0

Ea = 0 .6  M eV

+ + 4 4 4 4 4 + + +  + + 4 4 + 4 4 4 + + 4 4 4 4 4  +  4  +  + +  . 4’+  +  + 4 4  4 4  +

? 4 +  +  +  +  +  ® +  +  4 .  ,  - 5 +  +  +  +x4*  ̂+ + ̂  +1■*n— i— r"T "i— |— i— i— i— i— i— p -i— i— i— i— j  i— i— i— i— i— [""r—r *T ,,pi— i— |— r ~r - t - r * i J

-1 8 0  -1 3 0  -6 0  0 60 120 180
@(RCM)
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t o  t h e  m e a s u r e d  a n g u l a r  c o r r e l a t i o n  by  a l e a s t - s q u a r e s  p r o ­

c e d u r e .  The 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  c o r r e l a t i o n  f u n c ­

t i o n s  a r e  g i v e n  i n  T a b l e  5 .  I t  i s  c l e a r  f rom F i g . 53 t h a t ,

a t  a l l  ^  e n e r g i e s ,  t h e  a n g u l a r  c o r r e l a t i o n  h a s  a f a i r l y  

p r o n o u n c e d  d i p  a t  0 ° ,  c o r r e s p o n d  t o  t h e  r e c o i l  d i r e c t i o n .  In  

t h e  c a s e  o f  a w e l l  d e f i n e d  s e q u e n t i a l  p r o c e s s  r e a c t i o n  a 

p e r i o d i c i t y  o f  180°  i s  e x p e c t e d  i n  t h e  c o r r e l a t i o n s .  The 

p r e s e n t  d a t a  do  n o t  p r o v i d e  a s t r o n g  t e s t  o f  t h e  p e r i o d i c i ­

t y ,  b u t  a r e  c o n s i s t e n t  w i t h  t h i s  a s s u m p t i o n .  L i k e w i s e ,  t h e  

d a t a  s u p p o r t ( w e a k l y )  t h e  a s s u m p t i o n  o f  s y m m e t r y  i n  t h e  a n g u ­

l a r  c o r r e l a t i o n  w i t h  r e s p e c t  t o  t h e  ^ L i  r e c o i l  d i r e c t i o n .

The o b s e r v e d  l a c k  o f  i s o t r o p y  i n  t h e  cC—cf a n g u l a r  

c o r r e l a t i o n  i n t r o d u c e s  an a d d i t i o n a l  u n c e r t a i n t y  i n  t h e  e x ­

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

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

c o r r e l a t i o n s  f o r  t h e  two a l l o w e d  d e c a y  modes  a r e  t h e  s ame .  

M e a s u r e m e n t s  p r o v i d i n g  sue  

a l l ,  wou l d  be e x t r e m e l y  t i m

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

e c o n s u m i n g .



Table 6 .
A b s o l u t e  D i f f e r e n t i a l  C r o s s  S e c t i o n s  f o r  ^ L i  Gr ound  S t a t e

E3He
= 0 . 9  MeV E 3J He

= 1 . 0  MeV e 3
He

= 1 . 1  MeV

9 o r __ 9 O ' 9 O fcm cm cm cm cm cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )
2 2 . 2 3 0 . 0 8 3 ( 7 . 9 ) 2 2 .  34 0.  1 6 7 ( 7 • 2 ) 2 2 .  45 0 . 2 3 7 ( 5 . 6 )
3 3 . 2 6 0 . 0 8 7 ( 6 . 8 ) 3 3 . 4 2 0 .  1 6 0 ( 6 . 8 ) 3 3 . 5 8 0 . 2 5 9 ( 5 . 9 )
4 4 .  19 0 . 0 8 9 ( 7 . 6 ) 4 4 . 4 0 0 . 1 6 4 ( 7 . 2 ) 4 4 .  61 0 . 2 1 4 ( 6 . 1 )
5 4 . 9 9 0 . 1 0 1 ( 7 . 9 ) 5 5 . 2 5 0 . 1 6 2 ( 7 . 2 ) 5 5 . 4 9 0 . 2 0 7 ( 5 . 7 )
6 5 . 6 4 0 . 0 9 5 ( 7 . 4 ) 6 5 . 9 4 0 . 1 8 6 ( 7 . 5 ) 6 6 . 2 1 0 . 2 0 3 ( 6 . 2 )
7 6 . 1 3 0.  1 1 0 ( 7 . 9 ) 7 6 . 4 4 0 . 1 8 2 ( 7 . 9 ) 7 6 . 7 4 0 . 2 2 4 ( 6 . 4 )
8 6 . 4 2 0 . 1 4 6 ( 8 . 0 ) 8 6 . 7 5 0 . 1 9 9 ( 8 . 0 ) 8 7 . 0 6 0 . 2 1 5 ( 6 . 2 )
9 6 . 5 2 0 . 1 3 7 ( 8 . 9 ) 9 6 . 8 6 0 . 2 6 4 ( 8 . 1 ) 9 7 . 1 8 0 . 2 0 9 ( 7 . 3 )
1 0 6 . 4 2 0 . 1 8 7 ( 8 . 2 ) 1 0 6 . 7 5 0 . 2 4 8 ( 8 . 8 ) 1 0 7 . 0 7 0 . 2 5 2 ( 7 . 5 )
1 1 6 . 1 3 0 . 1 6 6 ( 8 . 1  ) 1 1 6 . 4 4 0 . 2 0 5 ( 9 . 1 ) 1 1 6 . 7 4 0 . 2 5 5 ( 7 . 9 )
1 2 5 . 6 4 0 . 1 6 5 ( 7 . 6 ) 1 2 5 . 9 3 0 . 2 8 1 ( 8 . 2 ) 1 2 6 . 2 1 0 . 2 3 8 ( 7 . 3 )
1 3 4 . 9 9 0 . 1 8 2  ( 8 .  1 ) 1 3 5 . 2 5 0 . 2 2 1 ( 7 . 7 ) 1 3 5 . 4 9 0 . 2 2 5 ( 6 . 8 )
1 4 4 . 1 9 0 . 1 8 3 ( 7 . 8 ) 1 4 4 . 4 0 0 . 2 4 6 ( 8 . 0 ) 1 4 4 . 6 0 0 . 2 5 7 ( 7 . 0 )
1 5 3 . 2 5 0 . 1 8 1 ( 6 . 9 ) 1 5 3 . 4 2 0 . 2 0 8 ( 7 . 6 ) 1 5 3 . 5 8 0 . 2 7 2 ( 6 . 8 )
1 6 2 . 2 2 0 . 1 6 5 ( 8 . 3 ) 1 6 2 . 3 4 0 . 2 3 2 ( 8 . 3 ) 1 6 2 . 4 5 0 . 2 5 5 ( 6 . 5 )

Eg = 1 . 2  MeV Eg = 1 . 3  MeV Eg = 1 . 4  MeV
He J He

9 o r 9 o 9 O 'cm cm cm u cm cm cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )
2 2 . 5 5 0 . 3 1 2 ( 4 . 8 ) 2 2 .  65 0 . 4 1 1 ( 3 . 7 ) 2 2 . 7 4 0 . 5 4 0 ( 3 . 4 )
3 3 . 7 3 0 . 2 7 2 ( 4 . 6 ) 3 3 - 8 7 0 . 4 2 2 ( 3 . 7 ) 3 4 . 0 1 0 . 5 1 4 ( 3 . 5 )
4 4 . 8 0 0 . 2 7 5 ( 4 . 7 ) 4 4 . 9 8 0 . 3 9 8 ( 4 . 0 ) 45 .  16 0 . 5 1 7 ( 3 . 6 )
5 5 . 7 2 0 . 2 6 1 ( 4 . 6 ) 5 5 . 9 4 0 . 3 6 7 ( 4 . 0 ) 5 6 .  15 0 . 4 6 3 ( 3 . 6 )
6 6 . 4 7 0 . 2 4 2 ( 4 . 8 ) 6 6 . 7 2 0 . 3 3 2 ( 3 . 9 ) 6 6 . 9 6 0 . 4 4 8 ( 3 . 5 )
7 7 . 0 3 0 . 2 0 8 ( 4 . 8 ) 7 7 . 3 0 0 . 3 2 7 ( 3 . 8 ) 7 7 . 5 5 0 . 3 9 1 ( 3 . 6 )
8 7 . 3 6 0 . 1 9 9 ( 4 . 8 ) 8 7 . 6 5 0 . 3 2 0 ( 3 . 8 ) 8 7 . 9 2 0 . 3 6 6 ( 3 . 8 )
9 7 . 4 8 0 . 1 9 0 ( 6 . 6 ) 9 7 . 9 7 0 . 3 1 3 ( 4 . 9 ) 9 8 . 0 4 0 . 3 9 7 ( 4 . 4 )
1 0 7 . 3 6 0 . 2 2 8 ( 5 . 9 ) 1 0 7 . 6 5 0 . 3 2 8 ( 4 . 9 ) 1 0 7 - 9 2 0 . 4 2 2 ( 4 . 5 )
1 1 7 . 0 2 0 . 2 5 1 ( 5 . 5 ) 1 1 7 - 3 0 0 . 3 5 7 ( 4 . 8 ) 1 1 7 . 5 5 0 . 3 9 3 ( 4 . 2 )
1 2 6 . 4 7 0 . 2 5 7 ( 6 . 4 ) 1 2 6 . 7 2 0 . 3 0 9 ( 5 . 6 ) 1 2 6 . 9 6 0 . 4 0 0 ( 4 . 5 )
1 3 5 . 7 2 0 . 2 6 4 ( 5 . 7 ) 1 3 5 . 9 4 0 . 2 9 5 ( 5 . 5 ) 1 3 6 . 1 5 0 . 3 8 4 ( 5 . 0 )
1 4 4 . 8 0 0 . 2 6 2 ( 6 .  1) 1 4 4 . 9 8 0 . 3 3 2 ( 5 . 3 ) 1 4 5 . 1 6 0 . 3 4 0 ( 5 . 1 )
1 5 3 . 7 3 0 . 2 3 1 ( 5 . 7 ) 1 5 3 . 8 7 0 . 3 0 1 ( 5 . 4 ) 1 5 4 . 0 1 0 . 2 9 4 ( 5 . 2 )
1 6 2 . 5 5 0 . 2 6 1 ( 5 . 8 ) 1 6 2 . 6 5 0 . 2 7 0 ( 5 . 0 ) 1 6 2 . 7 4 0 . 2 8 3 ( 5 . 6 )

The numbers in parentheses are the percentage errors on <r



132

- Table 7
Absolute Differential Cross Sections for ^Li Ground State

E3 = 5He 1 . 5  MeV
^He

= 1 . 6  MeV Eo = 
^He

1 . 7  MeV

0 cm ^cm ®cm ^cm ®cm ffcm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )
2 2 .  83 0 . 5 7 0 ( 3 .  1 ) 2 2 .  92 O' .6 0 2 ( 3 . 4 ) 2 3 . 0 0 0 . 8 2 0 ( 3 . 4 )
3*1.14 0 . 5 4 2 ( 3 . 2 ) 3 4 . 2 7 0 . 6 1 2 ( 3 . 4 ) 34.3.9 0 . 8 4 2 ( 3 . 4 )
4 5 . 3 3 0 . 5 3 6 ( 3 . 1  ) 4 5 . 4 9 0 . 5 3 5 ( 3 . 4 ) 4 5 .  65 0 . 7 9 3 ( 3 . 3 )
5 6 . 3 5 0 . 5 1 4 ( 3 . 2 ) 5 6 . 5 5 0 . 5 2 6 ( 3 . 4 ) 5 6 . 7 3 0 . 7 0 4 ( 3 . 2 )
6 7 .  19 0 . 4 4 9 ( 3 . 1 ) •67 . 41 0 . 5 0 5 ( 3 . 5 ) 6 7 . 6 2 0 . 6 7 9 ( 3 . 3 )
7 7 . 8 0 0 . 4 9 5 ( 3 . 0 ) 7 8 . 0 4 0 . 5 3 3 ( 3 . 5 ) 7 8 . 2 7 0 . 7 5 4 ( 3 . 2 )
8 8 .  18 0 . 5 2 5 ( 3 . 0 ) 8 8 . 4 3 0 . 5 5 7 ( 3 . 4 ) 8 8 . 6 7 0 . 7 7 1 ( 3 . 1 )
9 8 . 3 1 0 . 5 7 6 ( 3 . 5 ) 9 8 . 5 6 0 . 6 1 8 ( 3 . 8 ) 9 8 . 8 0 0 . 8 7 0 ( 3 . 5 )
1 0 8 . 1 8 0 . 5 2 9 ( 3 . 5 ) 1 0 8 . 4 3 0 . 5 6 4 ( 4 .  1 ) 1 0 8 . 6 7 0 . 8 2 6 ( 3 . 5 )
1 1 7 . 8 0 0 . 5 1 3 ( 4 . 0 ) 1 1 8 . 0 4 0 . 5 2 3 ( 4 . 2 ) 1 1 8 . 2 7 0 . 7 0 5 ( 3 . 9 )
1 2 7 . 1 9 0 . 4 2 5 ( 4 . 0 ) 1 2 7 . 4 1 0 . 4 6 6 ( 5 . 0 ) 1 2 7 . 6 2 0 . 6 4 8 ( 4 . 3 )
1 3 6 . 3 5 0 . 3 9 7 ( 4 . 5 ) 1 3 6 . 5 5 0 . 4 0 2 ( 4 . 5 ) 1 3 6 . 7 3 0 . 5 6 7 ( 4 . 6 )
1 4 5 . 3 3 0 . 3 3 3 ( 4 . 6 ) 1 4 5 . 4 9 0 . 3 2 7 ( 5 . 0 ) 1 4 5 . 6 4 0 . 4 8 4 ( 5 . 1 )
1 5 4 .  i n 0 . 2 7 3 ( 5 . 2 ) 1 5 4 . 2 7 0 . 2 6 1 ( 5 . 2 ) 1 5 4 . 3 9 0 . 3 9 2 ( 5 . 1 )
1 6 2 . 8 3 0 . 2 5 1 ( 5 . 1 ) 1 6 2 . 9 2 0 . 2 3 3 ( 5 . 9 ) 1 6 3 . 0 0 0 . 3 0 5 ( 5 . 5 )

E 3 = He
1 . 8  MeV e 3He

= 1 . 9  MeV E 0 = 
^He

2 . 0  MeV

0 cm cm ®cm cm Qcm ffcm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )

~23 . 08 1. 1 7 5 ( 3 . u) 2 3 . lb I . 3 4 y u .  5 ; d i . Z i 1 . 5 1 4 ( 3 .  1;
3 4 . 5 1 1 . 1 8 9 ( 3 . 1 ) 3 4 . 6 2 1 . 4 7 4 ( 2 . 8 ) 3 4 . 7 3 1 . 5 4 7 ( 3 * 0 )
4 5 . 8 0 1 . 1 4 1 ( 3 . 1 ) 4 5 . 9 4 1 . 6 2 2 ( 3 . 0 ) 4 6 . 0 8 1 . 6 3 3 ( 3 . 0 )
5 6 . 9 1 1 . 2 1 8 ( 3 . 1 ) 5 7 . 0 9 1 . 4 6 7 ( 2 . 7 ) 5 7 . 2 5 1 . 5 3 7 ( 2 . 8 )
6 7 . 8 2 1 . 1 7 5 ( 3 . 0 ) 6 8 . 0 2 1 . 4 2 8 ( 2 . 7 ) 6 8 . 2 1 1 . 6 7 4 ( 2 . 8 )
7 8 . 4 9 1 . 0 7 6 ( 3 . 0 ) 7 8 . 7 0 1 . 3 9 4 ( 2 . 7 ) 7 8 . 9 1 1 . 6 3 0 ( 2 . 6 )
8 8 . 9 0 1 . 1 4 9 ( 3 . 0 ) 8 9 .  12 1 . 4 4 4 ( 2 . 7 ) 8 9 . 3 4 1 . 5 9 6 ( 2 . 7 )
9 9 . 0 4 1 . 2 6 2 ( 3 . 3 ) 9 9 . 2 7 1 . 5 1 0 ( 2 . 9 ) 9 9 . 4 9 1 . 7 5 6 ( 3 . 1 )
1 0 8 . 9 0 1 . 1 4 0 ( 3 . 5 ) 1 0 9 . 1 2 1 . 4 3 2 ( 3 . 2 ) 1 0 9 . 3 4 1 . 6 6 1 ( 3 . 3 )
1 1 8 . 4 9 1 . 1 2 1 ( 3 . 8 ) 1 1 8 . 7 0 1 . 2 7 6 ( 3 . 5 ) 1 1 8 . 9 1 1 . 5 9 2 ( 3 . 1 )
1 2 7 . 8 2 1 . 0 2 8 ( 4 . 0 ) 1 2 8 . 0 2 1 . 2 1 1 ( 3 . 5 ) 1 2 8 . 2 1 1 . 5 8 0 ( 3 . 5 )
1 3 6 . 9 1 0 . 9 0 6 ( 4 . 4 ) 1 3 7 . 0 8 1 . 0 5 4 ( 3 . 6 ) 1 3 7 . 2 5 1 . 2 6 6 ( 3 . 8 )
1 4 5 . 7 9 0 . 7 3 4 ( 4 . 4 ) 1 4 5 . 9 4 0 . 9 9 1 ( 4 . 0 ) 1 4 6 . 0 8 - 1 . 1 8 4 ( 4 . 0 )
1 5 4 . 5 0 0 . 5 9 0 ( 5 .  1) 1 5 4 . 6 2 0 . 8 5 4 ( 4 . 4 ) 1 5 4 . 7 3 0 . 9 2 6 ( 4 . 3 )
1 6 3 . 0 8 0 . 4 1 4 ( 5 . 4 ) 1 6 3 . 1 6 0 . 7 0 1 ( 4 . 0 ) 1 6 3 . 2 3 0 . 8 7 4 ( 4 . 8 )

The numbers in parentheses are the percentage errors on- a
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Table 8

Absolute Differential Cross Sections for ^Li(2.18) State

E_
J He

= 0 . 9  MeV Eo
J He

= 1 . 0  MeV e 3 =
^He

1 . 1  MeV

Gcm °cm ®cm cm 0 cm ^cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )
2 2 .  42 0 .  1 0 6 ( 8 . 0 ) 2 2 . 5 5 0 .  1 2 7 ( 7 . 9 7 “ 2 2 .  66 0 .  1 1 7 ( 6 . 9 )
3 3 . 5 5 0 .  1 0 9 ( 6 . 8 ) 3 3 . 7 3 0 . 1 3 3 ( 7 . 3 ) 3 3 . 9 0 0 . 1 3 6 ( 6 . 9 )
4 4 . 5 6 0 . 1 1 8 ( 7 . 6 ) 4 4 .  79 0 . 1 5 8 ( 7 . 5 ) 4 5 . 0 1 0.  1 5 6 ( 6 . 8 )
5 5 .  44 0 . 1 4 2 ( 7 . 8 ) 5 5 . 7 1 0 . 1 5 9 ( 7 . 5 ) 5 5 . 9 8 0 . 1 4 5 ( 6 . 3 )
6 6 .  15 0 . 1 2 1 ( 7 . 4 ) 66 .  46 0 . 1 8 6 ( 7 . 7 ) 6 6 . 7 6 0 . 1 4 5 ( 6 . 8 )
7 6 . 6 7 0 . 1 3 0 ( 7 . 9 ) 77 .  01 0 . 1 6 2 ( 8 . 1 ) 7 7 . 3 4 0 . 1 5 9 ( 7 . 0 )
8 6 . 9 9 0 . 1 4 2 ( 8 .  1) 8 7 . 3 5 0 . 1 6 8 ( 8 . 3 ) 8 7 . 6 9 0 . 1 4 9 ( 6 . 9 )
9 7 .  10 0 . 0 9 9 ( 9 . 3 ) 9 7 . 4 7 0 . 1 6 5 ( 9 . 6 ) 9 7 . 8 1 0 . 1 2 5 ( 9 . 4 )
1 0 6 . 9 9 0 . 1 0 9 ( 8 . 9 ) 1 0 7 . 3 5 0 . 1 4 3 ( 9 . 6 ) 1 0 7 . 6 9 0 . 1 1 3 ( 8 . 3 )
1 1 6 . 6 7 0 . 0 8 7 ( 9 . 4 ) 1 1 7 . 0 1 0 . 1 0 8 ( 1 0 . 5 ) 1 1 7 . 3 4 0 . 1 0 4 ( 9 . 5 )
1 2 6 . 1 5 0 . 0 7 5 ( 9 . 9 ) 1 2 6 . 4 6 0 . 1 1 0 ( 1 0 . 7 ) 1 2 6 . 7 6 0 . 0 6 3 ( 1 0 . 9 )
1 3 5 . 4 3 0 . 0 7 8 ( 9 . 5 ) 1 3 5 . 7 1 0 . 0 9 4 ( 1 0 . 6 ) 1 3 5 . 9 7 0 . 0 7 8 ( 9 . 7 )
1 4 4 . 5 6 0 . 0 6 1 ( 8 . 7 ) 1 4 4 . 7 9 0 . 0 5 4 ( 1 1 . 0 ) 1 4 5 . 0 1 0 . 0 6 5 ( 1 2 . 8 )
1 5 3 . 5 4 0 . 0 6 0 ( 8 . 0 ) 1 5 3 . 7 2 0 . 0 6 9 ( 1 0 . 7 ) 1 5 3 . 8 9 0 . 0 5 1 ( 1 2 . 9 )
1 6 2 . 4 2 0 . 0 5 8 ( 1 0 . 0 )  ' 1 6 2 . 5 5 0 . 0 6 1 ( 1 1 . 6 ) 1 6 2 . 6 6 0 . 0 6 9 ( 1 0 . 6 )

^3J He
= 1 . 2  MeV E 35He

= 1 . 3  MeV Eo = 
J He

1 . 4  MeV

a 0 O' 0 O'cm cm cm cm cm cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )
2 2 .  7? 0 . 0 9 8 ( 6 . 5 ) 2 2 .  88 0 . 1 1 1  ( 5 . 9 } 2 2 .  98 GTT54T4. 9 )
3 4 . 0 6 0 . 1 0 6 ( 6 . 1 ) 3 4 . 2 1 0.  1 5 0 ( 5 . 0 ) 3 4 . 3 6 0 . 1 9 6 ( 4 . 5 )
4 5 . 2 2 0 . 1 2 8 ( 5 . 8 ) 4 5 . 4 2 0 . 1 6 7 ( 5 . 0 ) 4 5 . 6 1 0 . 2 8 8 ( 4 . 1 )
5 6 . 2 2 0 . 1 5 6 ( 5 . 4 ) 5 6 . 4 6 0 . 2 1 2 ( 4 . 7 ) 5 6 .  69 0 . 3 0 2 ( 4 . 0 )
6 7 . 0 4 0 . 1 4 2 ( 5 . 7 ) 6 7 . 3 1 0 . 2 0 2 ( 4 . 5 ) 6 7 . 5 6 0 . 3 0 8 ( 3 . 9 )
7 7 . 6 4 0 . 1 3 3 ( 5 . 7 ) 7 7 . 9 3 0 . 2 0 5 ( 4 . 4 ) 7 8 . 2 1 0 . 2 5 1 ( 4 . 2 )
8 8 . 0 1 0 . 1 0 3 ( 6 . 0 ) 8 8 . 3 1 0 . 1 9 0 ( 4 . 5 ) 8 8 . 6 1 0 . 2 2 6 ( 4 / 4 )
9 8 .  14 0 . 1 0 5 ( 8 . 8 ) 9 8 . 4 5 0 . 1 3 7 ( 8 . 6 ) 9 8 . 7 4 0 . 1 5 1 ( 7 . 7 )
1 08 . 0 1 0 . 0 8 5 ( 1 0 . 3 ) 1 0 8 . 3 2 0 . 1 3 2 ( 7 . 3 ) 1 0 8 . 6 1 0 . 1 3 4 ( 6 . 0 )
1 1 7 . 6 4 0 . 0 8 4 ( 8 . 8 ) 1 1 7 . 9 3 0 . 1 2 9 ( 8 . 5 ) 1 1 8 . 2 1 0 . 1 5 0 ( 1 2 . 6 )
1 2 7 . 0 4 0 . 0 8 4 ( 1 0 . 4 ) 1 2 7 . 3 1 0 . 0 7 5 ( 7 . 1 ) 1 2 7 . 5 6 0 . 1 1 2 ( 9 . 6 )
1 3 6 . 2 2 0 . 0 6 6 ( 9 . 9 ) 1 3 6 . 4 6 0 . 0 7 8 ( 8 . 9 ) 1 3 6 . 6 9 0 . 0 9 0 ( 9 . 7 )
1 4 5 . 2 2 0 . 0 5 9 ( 1 1 . 2 ) 1 4 5 . 4 2 0 . 0 6 9 ( 1 0 . 8 ) 1 4 5 . 6 1 0 . 1 0 8 ( 9 . 1 )
1 5 4 . 0 6 0 . 0 5 3 ( 1 0 . 6 ) 1 5 4 . 2 1 0 . 0 5 9 ( 1 4 . 3 ) 1 5 4 . 3 6 0 . 1 0 9 ( 8 . 9 )
1 6 2 . 7 7 0 . 0 5 1  ('11 . 4 ) 1 6 2 . 8 8 0 . 0 8 8 ( 1 0 . 7 ) 1 6 2 . 9 8 0 . 0 7 3 ( 1 0 . 9 )

The numbers in parentheses are the percentage errors on cr



Table 9
Absolute ,Differential Cross Sections for ^Li(2.18) State

E3
J He

= 1 . 5  MeV e 3-’He
= 1 . 6  MeV E o 

J He
= 1 . 7  MeV

©cm cm ®cm crcm 0 cm cm
Cdeg) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )

' 2 3 . 0 8 O'. 1 9 3 ( 4 . 3 ) 2 3 .  17 0 . 2 4 5 ( 4 . 4 ) 23-  25 0 . 3 7 3 ( 4 . 2 )
3 4 . 5 0 0 . 2 6 8 ( 3 . 8 ) 3 4 . 6 3 0 . 3 3 0 ( 4 . 0 ) 3 4 . 7 6 0 . 5 5 1 ( 3 . 8 )
4 5 . 7 9 0 . 3 4 2 ( 3 . 5 ) 4 5 .  96 0 . 4 0 7 ( 3 . 7 ) 4 6 . 1 3 0 . 6 7 9 ( 3 . 4 )
5 6 .  90 0 . 3 9 6 . ( 3 . 4 ) 5 7 .  11 0 . 4 4 8 ( 3 . 6 ) 5 7 . 3 1 0 . 6 4 8 ( 3 . 4 )
6 7 . 8 1 0 . 3 4 8 ( 3 . 3 ) 68 .  04 0 . 4 3 6 ( 3 . 7 ) 6 8 . 2 7 0 . 6 2 1 ( 3 . 4 )
7 8 . 4 8 0 . 3 4 7 ( 3 . 4 ) 7 8 .  73 0 . 4 1 8 ( 3 . 8 ) 7 8 . 9 8 0 . 5 8 0 ( 3 . 5 )
8 8 . 8 9 0 . 3 1 4 ( 3 . 5 ) 8 9 . 1 5 0 . 3 4 8 ( 3 . 9 ) 8 9 . 4 1 0 . 5 0 3 ( 3 . 5 )
9 9 . 0 3 0 . 2 6 1 ( 4 . 5 ) 9 9 . 3 0 0 . 3 0 2 ( 4 . 7 ) 9 9 . 5 6 0 . 4 4 8 ( 4 . 8 )

1 0 8 . 8 9 0 .  1 9 7 ( 5 . 3 ) 1 0 9 . 1 5 0 . 2 2 4 ( 6 . 8 ) 109*41 0 . 3 1 8 ( 5 . 2 )
1 1 8 . 4 8 0 . 1 5 0 ( 7 . 0 ) 1 1 8 . 7 3 0 . 1 7 4 ( 8 . 0 ) 1 1 8 . 9 8 0 . 2 7 0 ( 5 . 9 )
12 7 . 81 0 . 1 2 5 ( 6 . 3 ) 1 2 8 . 0 4 0 . 1 2 8 ( 7 . 9 ) 1 2 8 . 2 7 0 . 2 6 8 ( 6 . 1 )
1 3 6 . 9 0 0 . 1 2 1 ( 7 . 8 ) 1 3 7 . 1 1 0 . 1 6 5 ( 6 . 8 ) 13 7 . 3 1 0 . 2 4 0 ( 6 . 7 )
1 4 5 . 7 9 0 . 0 9 6 ( 8 . 0 ) 1 4 5 . 9 6 0 . 1 2 3 ( 8 . 0 ) 1 4 6 . 1 3 0 . 2 7 2 ( 6 . 6 )
1 5 4 . 5 0 0 . 1 0 1 ( 8 . 6 ) 1 5 4 . 6 3 0 . 1 7 3 ( 7 . 4 ) 1 5 4 . 7 6 0 . 2 6 7 ( 7 . 0 )
1 6 3 . 0 7 0 . 0 9 5 ( 8 . 5 ) 1 6 3 . 1 7 0 . 1 6 1 ( 7 . 8 ) 1 6 3 . 2 5 0 . 2 4 6 ( 6 . 1 )

E3J He
= 1 . 8  MeV ‘ E3 = 1 . 9  MeV e 3J He

= 2 . 0  MeV

© _ <y Q <T__ 6 acm cm cm ^cm cm cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )
2 3 . 3 4 0 . 5 8 9 ( 3 . 6 ) 2 3 . 4 2 0 . 5 0 3 ( 3 . 4 ) 2 3 . 5 0 0 . 8 2 5 ( 3 . 6 )
3 4 . 8 9 0 . 7 6 1 ( 3 . 4 ) 3 5 . 0 1 0 . 9 7 8 ( 3 . 1  ) 3 5 .  12 1 . 0 6 2 ( 3 . 3 )
4 6 . 2 9 0 . 9 8 6 ( 3 . 2 ) 4 6 . 4 4 1 . 2 5 9 ( 3 . 2 ) 4 6 . 5 9 1 . 3 8 6 ( 3 . 2 )
5 7 . 5 0 1 . 0 4 5 ( 3 . 2 ) 5 7 . 6 8 1 . 2 3 9 ( 2 . 8 ) 5 7 . 8 6 1 . 3 4 3 ( 2 . 9 )
68 .  49 0 . 9 9 2 ( 3 .  1 ) 6 8 . 6 9 1 . 1 0 9 ( 2 . 9 ) 6 8 . 9 0 1 . 3 7 8 ( 2 . 9 )
7 9 . 2 1 0 . 8 4 6 ( 3 . 2 ) 7 9 . 4 4 0 . 9 6 9 ( 3 . 0 ) 7 9 . 6 6 1 . 1 2 9 ( 2 . 8 )
8 9 . 6 5 0 . 6 9 0 ( 3 . 4 ) 8 9 . 8 7 0 . 8 4 0 ( 3 . 2 ) 9 0 .  15 1 . 0 0 3 ( 3 . 0 )
9 9 . 8 1 0 . 6 1 8 ( 4 . 7 ) 1 0 0 . 0 5 0 . 7 5 2 ( 3 . 7 ) 1 0 0 . 2 9 0 . 7 8 7 ( 4 . 3 )
1 0 9 . 6 6 0 . 4 6 1 ( 5 . 2 ) 1 0 9 . 9 0 0 . 5 3 3 ( 4 . 4 ) 1 1 0 . 1 3 0 . 5 8 8 ( 5 . 0 )
1 1 9 . 2 1 0 . 3 9 2 ( 5 . 3 ) 1 1 9 . 4 4 0 . 4 8 5 ( 4 . 8 ) 1 1 9 . 6 6 0 . 5 4 9 ( 5 . 4 )
1 2 8 . 4 8 0 . 3 7 1 ( 6 . 9 ) 1 2 8 . 6 9 0 . 4 2 8 ( 6 . 1  ) 1 2 8 . 9 0 0 . 6 0 1 ( 5 . 4 )
1 3 7 . 5 0 0 . 3 5 8 ( 6 . 2 ) 1 3 7 . 6 8 0 . 4 6 5 ( 6 . 5 ) 1 3 7 . 8 6 0 . 5 5 1 ( 5 . 7 )
1 4 6 . 2 9 0 . 2 9 5 ( 6 .  1 ) 1 4 6 . 4 4 0 . 4 7 7 ( 5 . 6 ) 1 4 6 . 5 9 0 . 5 8 6 ( 6 . 3 )
1 5 4 . 8 9 0 . 3 8 3 ( 6 . 5 ) 1 5 5 . 0 1 0 . 4 5 6 ( 5 . 5 ) 1 5 5 . 1 2 0 . 5 0 9 ( 5 . 5 )
1 6 3 . 3 4 0 . 3 5 9 ( 6 . 7 ) 1 6 3 . 4 2 0 . 4 4 8 ( 5 . 6 ) 1 6 3 . 5 0 0 . 5 3 8 ( 6 . 2 )

The numbers in parentheses are the percentage errors on cr



Table 10
Absolute Differential Cross Sections for ^Li(3.56) State

E 3 = 0 . 9  MeV e 3̂He
= 1 . 0  MeV e 3̂He

1 . 1 MeV

6 cm-
( d e g )

cm • 
( m b / s r )

°cm
( d e g )

tfcm 
( m b / s r )

e cm
( d e g )

tfcm
( m b / s r )

" 2 2 . 5 8 0 . 0 2 8 ( 1 2 . 7 ) 2 2 . 7 1 0 . 0 3 4 ( 1 7 . 2 ) 2 2 . 8 3 0 . 0 6 0 ( 1 1 . 7 )
3 3 . 7 7 0 . 0 5 0 ( 8 . 4 ) 3 3 . 9 6 0 . 0 7 9 ( 9 . 8 ) 3 4 . 1 4 0 . 1 1 2 ( 8 . 5 )

85 0 . 0 6 2 ( 9 . 0 ) 4 5 . 1 0 0 . 1 2 0 ( 8 . 9 ) 4 5 . 3 3 0 . 1 7 7 ( 7 .  1)
5 5 . 7 9 0 . 0 9 3 ( 8 . 6 ) 5 6 . 0 8 0 . 1 7 3 ( 7 . 8 ) 5 6 . 3 6 0 . 1 9 9 ( 6 . 4 )
6 6 . 5 4 0 .  1 0 4 ( 7 . 7 ) 6 6 . 8 8 0 . 2 4 6 ( 7 . 7 )  ' 6 7 . 1 9 0 . 2 5 3 ( 6 . 4 )
7 7 .  10 0 . 1 2 6 ( 8 . 1 ) 7 7 . 4 6 0 . 2 4 2 ( 8 . 0 ) 7 7 . 8 0 0 . 3 3 3 ( 6 . 4 )
8 7 . 4 4 0 . 1 6 0 ( 8 . 2 ) 8 7 . 8 2 0 . 2 9 4 ( 7 . 9 ) 8 8 . 1 8 0 . 3 3 6 ( 6 . 1 )
9 7 . 5 6 0 .  1 0 1 ( 9 . 4 ) 9 7 . 9 5 0 . 3 0 0 ( 8 . 0 ) 9 8 . 3 1 0 . 2 5 5 ( 7 . 1 )
1 0 7 . 4 5 0 . 1 3 4 ( 9 . 0 ) 1 0 7 . 8 2 0 . 2 3 2 ( 9 . 0 ) 1 0 8 . 1 8 0 . 2 9 6 ( 6 . 9 )
1 1 7 . 1 0 0 . 1 1 5 ( 9 . 0 ) 1 1 7 . 4 6 0 . 2 0 3 ( 9 . 5 ) 1 1 7 . 8 0 0 . 2 5 8 ( 8 . 0 )
1 2 6 . 5 4 0 . 0 8 2 ( 8 . 6 ) 1 2 6 . 8 8 0 . 1 6 4 ( 9 . 5 ) 1 2 7 . 1 9 0 . 2 0 6 ( 9 . 2 )
1 3 5 . 7 8 0 . 0 5 7 ( 9 . 6 ) 1 3 6 . 0 8 0 . 1 0 5 ( 1 0 . 9 ) 1 3 6 . 3 5 0 .  1 3 4 ( 9 . 5 )
1 4 4 . 8 5 0 . 0 5 1 ( 1 0 . 5 ) 1 4 5 . 1 0 0 . 0 7 0 ( 1 2 . 7 ) 1 4 5 . 3 3 0 . 1 0 5 ( 9 . 8 )
1 5 3 . 7 7 0 . 0 4 0 ( 9 . 6 ) 1 5 3 . 9 6 0 . 0 9 1 ( 1 1 . 3 ) 1 5 4 . 1 4 0 . 0 6 4 ( 9 . 5 )
1 6 2 . 5 8 0 . 0 2 0 ( 1 4 . 7 ) 16 2 . 71 0 . 0 4 5 ( 1 3 . 3 ) 1 6 2 . 8 3 0 . 0 3 2 ( 1 5 . 7 )

E 3
He

= 1 . 2  MeV
E3He

= 1 . 3  MeV
E3He

1 . 4  MeV

9 cy G <y G acm cm cm cm cm cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) . ( d e g ) ( m b / s r )

"22.  95 ' 0 . 0 4 8  ( 12Y57 . u6 u . U b U t i o . c O 23V1Y 0 . 0 8 0 ( 8 . 8 )
3 4 . 3 1 0 . 1 0 2 ( 7 . 2 ) 34 .  48 0 . 1 3 6 ( 5 . 9 ) 3 4 . 6 3 0 .  1 5 8 ( 5 . 5 )
4 5 . 5 5 0 . 1 7 8 ( 5 . 7 ) 4 5 . 7 6 0 . 2 0 7 ( 5 . 1 ) 4 5 .  96 0 . 2 6 1 ( 4 . 6 )
5 6 . 6 2 0 . 2 3 5 ( 5 . 1  ) 5 6 . 8 7 0 . 3 1 3 ( 4 . 5 ) 5 7 . 1 0 0 . 3 5 6 ( 4 . 0 )
6 7 . 4 9 0 . 2 8 4 ( 5 . 1 ) 6 7 . 7 7 0 . 3 6 2 ( 4 . 1 ) 6 8 . 0 4 0 . 4 6 1 ( 3 . 8 )
7 8 .  13 0 . 3 1 6 ( 4 . 8 ) 7 8 . 4 3 0 . 4 7 7 ( 3 . 7 ) 7 8 . 7 3 0 . 4 9 8 ( 3 . 7 )
8 8 . 5 2 0 . 3 0 7 ( 4 . 7 ) 8 8 . 8 4 0 . 4 7 6 ( 3 . 7 ) 8 9 . 1 4 0 . 5 1 6 ( 3 . 8 )

■98. 65 0 . 2 5 2 ( 5 . 4 ) 9 8 . 9 8 0 . 4 1 6 ( 4 . 8 ) 9 9 . 2 9 0 . 4 6 1 ( 4 . 5 )
1 0 8 . 5 2 0 . 2 6 5 ( 5 . 7 ) 1 0 8 . 8 4 0 . 4 2 1 ( 4 . 8 ) 1 0 9 . 1 5 0 . 4 6 3 ( 4 . 6 )
1 1 8 . 1 3 0 . 2 3 5 ( 6 . 4 ) 1 1 8 . 4 3 0 . 3 7 1 ( 5 . 1 ) 1 1 8 . 7 2 0 . 4 6 0 ( 5 . 0 )
1 2 7 . 4 9 0 . 2 0 5 ( 7 . 0 ) 1 2 7 . 7 7 0 . 2 8 7 ( 6 . 0 ) 1 2 8 . 0 4 0 . 3 5 0 ( 5 . 4 )
1 3 6 . 6 2 0 . 1 5 8 ( 7 . 3 ) 1 3 6 . 8 7 0 . 2 0 2 ( 7 . 2 ) 1 3 7 . 1 0 0 . 2 8 1 ( 5 . 7 )
1 4 5 . 5 5 0 . 1 0 4 ( 8 . 9 ) 1 4 5 . 7 6 0 . 1 3 4 ( 7 . 4 ) 1 4 5 . 9 6 0 .  1 7 1 ( 8 . 6 )
1 5 4 . 3 1 0 . 0 7 4 ( 1 5 . 1  ) 1 5 4 . 4 7 0 . 0 9 0 ( 9 . 4 ) 1 5 4 . 6 3 0 . 1 0 8 ( 8 . 3 )
1 6 2 . 9 5 0 . 0 5 7 ( 1 0 . 8 ) 1 6 3 . 0 6 0 . 0 5 7 ( 1 3 . 4 ) 1 6 3 . 1 6 0 . 0 3 1 ( 1 2 . 4 )

The numbers in parentheses are the percentage errors on' cr
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Table 11
Absolute Differential Cross Sections for 6 ^ ( 3 .5 6 ) State

E3
He = 1 . 5  MeV Eo

^He
= 1 . 6  MeV Eo

J He
= 1 . 7  MeV

0 cm
( d e g )

^cm
( m b / s r )

0wcm
( d e g )

cm
( m b / s r )

Qwcm
( d e g )

<5>„mcm
( m b / s r )

2 3 . 2 7 0 . 062 ( . 10. 4) 2 3 . 3 6 ..... 0 . 0 7 4 ( 7 . 6 ) 2 3 . 4 5 0 . 0 5 9 ( 8 . 9T
3 4 . 7 8 0 . 1 4 4 ( 5 . 8 ) 3 4 . 9 2 0 . 1 2 2 ( 5 . 5 ) 3 5 . 0 5 0 . 1 4 4 ( 5 . 6 )
46 .  15 0 . 2 2 1 ( 4 . 5 ) 4 6 . 3 3 0 . 1 9 8 ( 4 . 3 ) 4 6 . 5 0 0 . 2 4 8 ( 4 . 6 )
5 7 . 3 3 0 . 3 6 0 ( 3 . 7 ) 5 7 . 5 5 0 . 3 0 4 ( 4 . 0 ) 5 7 . 7 6 0 . 3 3 3 ( 4 . 0 )
6 8 . 2 9 0 . 4 4 0 ( 3 . 3 ) 6 8 . 5 4 0 . 4 3 9 ( 3 . 8 ) 6 8 . 7 8 0 . 4 7 4 ( 3 . 6 )
7 9 . 0 0 0 . 5 5 3 ( 3 . 2 ) 7 9 . 2 7 0 . 5 5 1 ( 3 . 5 ) 7 9 . 5 3 0 . 6 7 9 ( 3 . 3 )
8 9 . 4 3 0 . 6 7 1 ( 3 . 0 ) 8 9 . 7 1 0 . 6 2 3 ( 4 . 3 ) 8 9 . 9 3 0 . 7 5 2 ( 4 . 2 )
9 9 . 5 9 0 . 6 8 4 ( 3 . 6 ) 9 9 . 8 7 0 . 7 3 8 ( 4 . 5 ) 1 0 0 . 1 5 0 . 8 6 7 ( 4 . 4 )
1 0 9 . 4 4 0 . 6 3 1 ( 4 . 2 ) 1 0 9 . 7 2 0 . 6 2 3 ( 4 . 9 ) 1 0 9 . 9 9 0 . 7 2 6 ( 4 . 7 )
1 1 9 - 0 0 0 . 5 2 1 ( 4 . 6 ) 1 1 9 . 2 7 0 . 4 9 2 ( 5 . 9 ) 1 1 9 . 5 3 0 . 5 7 5 ( 5 . 2 )
1 2 8 . 2 9 0 . 3 7 0 ( 6 . 2 ) 1 2 8 . 5 4 0 . 3 2 1 ( 6 . 1 ) 1 2 8 . 7 8 0 . 3 1 7 ( 6 . 9 )
1 3 7 . 3 3 0 . 2 5 2 ( 6 . 9 ) 1 3 7 . 5 5 0 . 2 6 8 ( 8 . 4 ) 1 3 7 . 7 6 0 . 3 0 2 ( 7 . 7 )
1 4 6 . 1 4 0.  1 4 8 ( 9 . 5 ) 1 4 6 . 3 3 0 . 2 0 5 ( 1 0 . 2 ) 1 4 6 . 5 0 0 .  1 5 9 ( 1 2 . 8 )
1 5 4 . 7 8 0 . 0 9 9 ( 2 0 . 2 ) 1 5 4 . 9 2 0 . 1 3 1 ( 1 5 . 8 ) 1 5 5 . 0 5 0 . 0 7 1 ( 2 2 . 2 )
1 6 3 . 2 6 0 . 0 2 1 ( 1 0 . 4 ) 1 6 3 . 3 6 0 . 0 3 9 ( 2 1 . 2 ) 1 6 3 . 4 5 0 . 0 8 2 ( 2 3 . 1 )

E3J He
= 1 . 8  MeV E-3

J He
= 1 . 9  MeV

E3He
= 2 . 0  MeV

9 cm
( d e g )

ffcni
( m b / s r )

®cm
( d e g )

^cm
( m b / s r )

®cm
( d e g )

<5ĉm
( m b / s r )

' 2 3 . 5 4 U. ' U64 (23-  1 ) 2 3 . b3 0. 1 0 8 ( 1 4 . 3 7 ' " 2 3 . 7 1 " 0.015(11.0)
35 .  18 0 . 0 9 7 ( 1 6 . 2 ) 3 5 . 31 0 . 1 1 9 ( 1 1 . 7 ) 3 5 . 4 3 0 . 0 8 6 ( 1 7 . 8 )
4 6 . 6 7 0 . 2 5 7 ( 6 . 6 ) 4 6 . 8 3 0 . 2 2 3 ( 7 . 8 ) 4 6 . 9 9 0 . 1 6 5 ( 1 1 . 7 )
5 7 . 9 6 0 .  3 8 6 ( 5 .  1 ) 5 8 . 1 5 0 . 3 3 2 ( 5 . 3 ) 5 8 . 3 4 0 . 2 5 8 ( 7 . 2 )
6 9 . 0 0 0 . 5 2 0 ( 4 . 1  ) 6 9 . 2 2 0 . 4 4 5 ( 4 . 5 ) 6 9 . 4 3 0 . 4 2 4 ( 5 . 5 )
7 9 - 7 8 0 . 7 0 1 ( 3 . 7 ) 8 0 . 0 2 0 . 6 3 8 ( 3 . 9 ) 8 0 . 2 5 0 . 5 9 0 ( 4 . 0 )
9 0 . 2 6 0 . 8 4 4 ( 3 . 5 ) 9 0 . 5 1 0 . 8 3 4 ( 3 . 5 ) 9 0 . 4 7 0 . 6 7 9 ( 3 . 9 )
100 . 41 0 . 9 4 1 ( 4 . 1 ) 1 0 0 . 6 7 0 . 9 1 4 ( 4 . 4 ) 1 0 0 . 9 1 0 . 7 7 3 ( 5 . 0 )
1 1 0 . 2 5 0 . 7 7 0 ( 4 . 6 ) 1 1 0 . 5 0 0 . 7 8 2 ( 4 . 4 ) 1 1 0 . 7 4 0 . 7 5 4 ( 5 . 1 )
1 1 9 . 7 8 0 . 6 3 2 ( 5 . 1  ) 1 2 0 . 0 2 0 . 6 8 0 ( 4 . 8 ) 1 2 0 . 2 5 0 . 7 2 2 ( 5 . 3 )
1 2 9 . 0 0 0 . 5 8 6 ( 6 . 0 ) 1 2 9 . 2 2 0 . 4 7 5 ( 6 . 7 ) 1 2 9 . 4 3 0 . 5 2 5 ( 6 . 5 )
1 3 7 . 9 6 0 . 4 1 1 ( 6 . 6 ) 1 3 8 . 1 5 0 . 3 0 9 ( 8 . 1 ) 1 3 8 . 3 4 0 . 3 7 7 ( 1 4 . 7 )
1 4 6 . 6 7 0 . 2 2 2 ( 8 . 5 ) 1 4 6 . 8 3 0 . 2 4 5 ( 1 2 . 6 ) 1 4 6 . 9 9 0 . 2 6 4 ( 1 0 . 4 )
. 155.18 0 . 1 0 0 ( 1 4 . 1  ) 1 5 5 . 31 0 . 0 9 5 ( 1 0 . 8 ) 155. 43- 0 . 1 3 2 ( 2 2 . 5 )
1 6 3 . 5 4 0 . 0 4 3 ( 1 6 . 1  ) 1 6 3 . 6 3 0 . 0 9 5 ( 1 9 . 5 ) 163 . 71 0 . 0 7 1 ( 2 5 . 7 )

The numbers in parentheses are the percentage errors on cr
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Table 12
Absolute Differential Cross Sections-for ^Li(5.37) State

E ,
3He

= 0 . 9  MeV e 3J He
= 1 . 0  MeV e 3He

= 1 . 1  MeV

6 cm ^cm ®cm ^cm ®cm ^cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )

"22". 84'  ' 0 . 7 3 9 ( 7 . 6 ) 2 2 .  98 1 . 0 0 4 ( 6 . 8 ) 237TT 0 . 9 9 9 ( 5 . 7 )
3 ^ .  15 0 . 7 4 8 ( 6 . 5 ) 3 4 . 3 6 0 . 9 8 6 ( 6 . 4 ) 3 4 . 5 5 1 . 0 4 5 ( 5 . 6 )
4 5 . 3 4 0 . 7 6 6 ( 7 . 3 ) ■ 4 5 . 6 1 1 . 1 7 1 ( 6 . 7 ) 4 5 . 8 6 1 . 0 9 6 ( 6 . 2 )
5 6 . 3 7 0 . 8 9 5 ( 7 . 6 ) 5 6 .  69 1 . 1 6 6 ( 6 . 7 ) 5 6 . 9 9 1 . 0 3 3 ( 5 . 7 )
6 7 . 2 0 0 . 9 0 5 ( 7 . 0 ) 6 7 . 5 6 1 . 4 3 3 ( 6 .  9) 6 7 . 9 0 1 . 1 2 5 ( 5 . 9 )
7 7 . 8 2 0 . 8 9 3 ( 7 . 6 ) 7 8 . 2 1 1 . 4 2 5 ( 7 . 4 ) 7 8 . 5 8 1 . 2 1 5 ( 6 . 0 )
8 8 . 2 0 0 . 8 2 4 ( 7 . 8 ) 8 8 . 6 1 1 . 1 6 0 ( 7 . 7 ) 8 8 . 9 9 0 . 9 6 5 ( 6 . 3 )
9 8 . 3 2 0 . 9 2 5 ( 8 . 3 ) 9 8 . 7 4 1 . 4 4 2 ( 7 . 1  ) 9 9 . 1 4 0 . 9 7 9 ( 6 . 2 )
1 0 8 . 2 0 0 . 9 8 2 ( 7 . 9 ) 1 0 8 . 6 1 1 . 4 9 3 ( 7 . 8 ) 1 0 9 . 0 0 1 . 0 2 0 ( 6 . 5 )
1 1 7 . 8 2 0 . 8 9 0 ( 7 . 7 ) 1 1 8 . 2 1 1 . 3 3 0 ( 7 . 7 ) 1 1 8 . 5 8 1 . 1 0 7 ( 6 . 5 )
1 2 7 . 2 0 0 . 8 7 1 ( 7 . 3 ) 1 2 7 . 5 6 1 . 2 9 5 ( 7 . 3 ) 1 2 7 . 9 0 1 . 1 0 7 ( 6 . 5 )
1 3 6 . 3 7 0 . 8 8 9 ( 7 . 8 ) 1 3 6 . 6 9 1 . 2 6 3 ( 7 . 2 ) 1 3 6 . 9 9 0 . 9 6 8 ( 6 . 8 )
1 4 5 . 3 4 0 . 7 0 5 ( 7 . 6 ) 1 4 5 . 61 1 . 2 6 2 ( 7 . 6 ) 1 4 5 . 8 6 1 . 0 6 2 ( 6 . 7 )
154 .  15 0 . 8 7 8 ( 6 . 6 ) 1 5 4 . 3 6 1 . 1 1 0 ( 7 . 7 ) 1 5 4 . 5 5 1 . 1 4 4 ( 6 . 9 )
1 6 2 . 8 4 0 . 7 5 5 ( 7 . 9 ) 1 6 2 . 9 8 1 . 0 8 0 ( 5 . 3 ) 1 6 3 . 1 1 1 . 0 1 1 ( 4 . 9 )

E3He
= 1 . 2  MeV Eo

^He
= 1 . 3  MeV e 3J He

= 1 . 4  MeV

e  ■cm <*cm ®cm ^cm e cm ^cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )

'2 3'^'24 ' u . / 8  V( 4 . 6 ) 2 3 . 36 ' 0 . 8 9 1 ( 4 . 0 ) ' 2 3 . 4 7 ' 0 . 939X3  TFT
3 4 . 7 4 0 . 8 2 6 ( 4 . 6 ) 34 . 9 1 0 . 8 6 8 ( 4 . 5 ) 3 5 . 0 8 0 . 8 9 1 ( 2 . 9 )
4 6 . 0 9 0 . 9 5 1 ( 4 . 6 ) 4 6 .  32 0 . 7 6 4 ( 4 . 3 ) 4 6 . 5 3 0 . 9 6 4 ( 4 . 0 )
5 7 . 2 7 0 . 8 8 8 ( 4 . 8 ) 5 7 . 5 4 0 . 8 6 6 ( 4 . 3 ) 5 7 . 7 9 1 . 0 6 8 ( 3 . 8 )
6 8 . 2 2 0 . 8 5 2 ( 4 . 7 ) 6 8 . 5 3 0 . 7 9 2 ( 3 . 9 ) 6 8 . 8 2 1 . 0 3 5 ( 3 . 8 )
7 8 . 9 3 0 . 7 7 4 ( 5 . 4 ) 7 9 . 2 6 1 . 0 4 7 ( 4 . 2 ) 7 9 . 5 7 1 . 0 3 0 ( 3 . 9 )
8 9 . 3 6 0 . 5 5 3 ( 6 . 0 ) 8 9 . 6 9 0 . 8 2 6 ( 5 . 2 ) 9 0 . 0 9 0 . 9 6 3 ( 4 . 1 )
9 9 . 5 1 0 . 5 7 0 ( 5 . 4 ) 9 9 . 8 6 0 . 7 2 9 ( 4 . 8 ) 1 0 0 . 2 0 0 . 9 4 4 ( 5 . 4 )

1 0 9 - 3 6 0 . 6 5 5 ( 5 . 6 ) 1 0 9 . 7 1 0 . 8 5 9 ( 4 . 5 ) 1 1 0 . 0 4 0 . 9 9 3 ( 4 . 7 )
1 1 8 . 9 3 0 . 6 4 9 ( 5 . 7 ) 1 1 9 . 2 6 0 . 8 1 2 ( 5 . 6 ) 1 1 9 . 5 7 1 . 0 6 5 ( 4 . 9 )
1 2 8 . 2 2 0 . 7 4 3 ( 5 . 8 ) 1 2 8 . 5 3 0 . 8 5 3 ( 5 . 5 ) 1 2 8 . 8 2 1.  1 5 8 ( 4 . 6 )
1 3 7 . 2 7 0 . 8 2 9 ( 5 . 9 ) 1 3 7 . 5 4 0 . 9 0 3 ( 5 . 6 ) 1 3 7 . 7 9 1 . 1 1 8 ( 5 . 0 )
1 4 6 . 0 9 0 . 7 4 6 ( 6 . 3 ) 1 4 6 . 3 2 0 . 8 6 8 ( 4 . 9 ) 1 4 6 . 5 3 1 . 2 4 6 ( 5 . 1 )
1 5 4 . 7 4 0 . 7 8 4 ( 6 .  1) 15 4 . 91 1 . 0 6 1 ( 5 . 3 ) 1 5 5 . 0 8 1 . 1 4 3 ( 4 . 8 )
1 6 3 . 2 4 0 . 9 0 5 ( 3 . 9 ) 1 6 3 . 3 6 0 . 9 6 3 ( 5 . 0 ) 1 6 3 . 4 7 1 . 2 6 9 ( 4 . 9 )

The numbers in parentheses are the percentage errors on a
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Table 13
Absolute Differential Cross Sections for 61^ ( 5 ,3 7 ) State

E3
He

= 1 . 5  MeV
J He

= 1 . 6  MeV Eo
J He

= 1 . 7  MeV

cm °cm ®cm ^cm cm ^cm
( deg) ( m b / s r ) ( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )

' 2 3 . 5 8 0 . 8 8 3 ( 3 . 6 ) 2 3 . 68“ 0 . 7 8 0 ( 4 . 2 ) 2 3.  78 0 . 8 7 7 ( 4 . 4 )
3 5 . 2 4 0 . 9 1 9 ( 3 . 6 ) 3 5 . 3 9 0 . 6 3 7 ( 4 . 5 ) 3 5 . 5 3 0 . 9 5 2 ( 4 . 2 )
4 6 . 7 4 0 . 8 8 2 ( 3 . 6 ) 4 6 . 9 3 0 . 9 0 6 ( 3 . 9 ) 47 .  12 0 . 9 3 2 ( 4 . 3 )
5 8 . 0 4 0 . 9 4 2 ( 3 . 6 ) 5 8 . 2 7 0 . 8 4 2 ( 4 . 0 ) 5 8 . 4 9 0 . 9 2 7 ( 4 . 2 )
6 9 . 0 9 0 . 8 2 3 ( 3 . 6 ) 6 9 - 3 6 0 . 7 7 7 ( 4 . 3 ) 6 9 . 6 1 0 . 9 7 6 ( 4 . 2 )
7 9 . 8 7 0 . 9 8 0 ( 3 . 5 ) 8 0 . 1 6 1 . 0 0 0 ( 4 . 1 ) 8 0 . 4 4 1 . 0 2 7 ( 4 . 2 )
9 0 . 3 6 1 . 0 3 5 ( 3  . 5 ) 9 0 . 6 6 0 . 9 7 2 ( 4 . 0 ) 9 0 . 9 5 1 . 0 1 5 ( 4 . 2 )

1 0 0 . 5 2 1 . 0 8 5 ( 4 . 1 ) 1 0 0 . 8 2 0 . 9 3 1 ( 6 . 0 ) 1 0 1 . 1 2 1 . 1 2 4 ( 5 . 2 )
1 1 0 . 3 5 1 . 0 2 5 ( 4 . 1 ) 1 1 0 . 6 6 1 . 1 1 3 ( 5 . 1  ) 1 1 0 . 9 5 1 . 1 5 4 ( 5 . 1 )
1 1 9 . 8 7 1 . 3 4 3 ( 4 . 0 ) 1 2 0 . 1 6 1 . 0 8 2 ( 5 . 1 ) 1 2 0 . 4 4 1 . 0 1 5 ( 5 . 7 )
12 9 . 0 9 0 . 9 8 2 ( 4 . 4 ) 1 2 9 . 3 6 0 . 9 6 6 ( 5 . 6 ) 1 2 9 . 61 1 . 3 9 2 ( 5 . 2 )
1 3 8 . 0 4 1 . 1 4 0 ( 4 . 8 ) 1 3 8 . 2 7 1 . 0 3 4 ( 5 . 3 ) 1 3 8 . 4 9 1 . 2 4 9 ( 5 . 5 )
1 4 6 . 7 4 1 . 1 2 6 ( 4 : 8 ) 1 4 6 . 9 3 0 . 9 7 3 ( 5 . 8 ) 1 4 7 - 1 2 1 . 5 0 5 ( 5 . 6 )
1 5 5 . 2 3 1 . 2 0 0 ( 4 . 7 ) 1 5 5 . 3 9 1 . 0 4 5 ( 5 . 7 ) 1 5 5 . 5 3 1 . 5 9 0 ( 5 . 4 )
1 6 3 - 5 8 1 . 3 2 2 ( 4 . 9 ) 1 6 3 . 6 8 1 . 3 4 8 ( 5 . 3 ) 1 6 3 . 7 8 1 . 5 2 0 ( 5 . 3 )

Eo
J He

= 1 . 8  MeV e 3J He
= 1 . 9  MeV E3He

= 2 . 0  MeV

0 cm c7_„cm 9 cm cm Q ■ cm ^cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r ) ( de g ) ( m b / s r )
2 3 . 0 . 9 3 9 ( 4 . 4 ) ' ' '23' . ' 97 0 . 9 5 7 ( 4 . 6 ) 2 4 . 0 6 1 . 330( 4  . 5 )
3 5 . 6 7 1 . 0 4 6 ( 4 . 4 ) 3 5 . 81 1 . 0 9 8 ( 4 . 4 ) 3 5 . 9 3 1 . 0 7 0 ( 4 . 8 )
4 7 . 3 0 1 . 0 3 6 ( 4 . 4 ) 4 7 . 4 7 V. 0 4 6 ( 4 . 8 ) 4 7 . 6 4 1 . 1 3 5 ( 4 . 9 )
58 . 71 1 . 1 2 4 ( 4 . 5 ) 5 8 . 9 1 0 . 9 5 2 ( 4 , 8 ) 5 9 . 1 1 0 . 8 5 3 ( 5 . 7 )
6 9 . 8 6 1 . 1 2 5 ( 4 . 3 ) 7 0 . 0 9 0 . 8 6 0 ( 5 . 1 ) 7 0 . 3 2 1 . 2 9 3 ( 4 . 2 )
80 .  70 0 . 9 2 1 ( 5 . 0 ) 8 0 . 9 6 0 . 7 5 9 ( 5 . 7 ) 81 . 20 0 . 8 0 8 ( 5 . 7 )
91 . 23 0 . 9 8 6 ( 5 . 0 ) 9 1 . 4 9 0 . 9 5 0 ( 5 . 0 ) 91 . 75 0 . 7 3 5 ( 6 . 7 )
1 0 1 . 4 0 1 . 3 1 0 ( 5 . 1  ) 1 0 1 . 6 7 1 . 2 3 0 ( 4 . 9 ) 1 0 1 . 9 3 1 . 3 1 0 ( 5 . 1 )
1 1 1 . 2 2 1 . 1 3 8 ( 5 . 4 ) 1 1 1 . 4 9 1 . 1 6 8 ( 5 . 2 ) 111.  75 1 . 0 6 8 ( 6 . 6 )
1 2 0 . 7 0 1 . 4 5 3 ( 5 . 7 ) 1 2 0 . 9 6 1 . 3 2 5 ( 5 . 8 ) 1 2 1 . 2 0 1 . 0 7 1 ( 5 . 6 )
1 2 9 . 8 5 1 . 5 6 5 ( 5 . 2 ) 1 3 0 . 0 9 1 . 4 6 3 ( 5 . 2 ) 13 0 . 31 1 . 2 8 9 ( 5 . 5 )
138 . 71 1 . 6 8 4 ( 6 . 4 ) 138 . 91 1 . 2 6 5 ( 6 . 9 ) ' 1 3 9 . 1 1 1 . 2 8 3 ( 6 . 1 )
1 4 7 . 3 0 1 . 7 3 7 ( 5 . 9 ) 1 4 7 . 4 7 1 . 7 7 5 ( 5 . 9 ) 1 4 7 . 6 4 1 . 8 6 5 ( 6 . 2 )
1 5 5 . 6 7 1 . 6 1 2 ( 6 . 2 ) 1 5 5 . 8 0 1 . 5 3 0 ( 6 . 3 ) 1 5 5 . 9 3 1 . 9 7 2 ( 6 . 5 )
1 6 3 . 8 7 1 . 7 7 5 ( 5 . 4 ) 1 6 3 . 9 7 1 . 5 3 5 ( 5 . 0 ) 1 6 4 . 0 5 2 . 8 2 2 ( 5 . 2 )

The numbers in parentheses are the percentage errors on cr
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Table 14
Absolute Differential Cross Sections for 6 li Ground State

L3He = 2 ' 15 MeV
Eo = 

J He
2 . 5 0  MeV

9 cm ^cm ©cm ^crn
( d e g ) ( m b / s r ) (deg) ( m b / s r )
2 3 . 3 4 1 . 6 8 1 ( 2 . 6 ) 2 3 . 5 7 .... 1 . 248(3"."27
3 4 . 8 8 1 . 6 3 7 ( 2 . 6 ) 3 5 . 2 2 1 . 5 0 7 ( 3 . 3 )
4 6 . 2 8 1 . 7 9 8 ( 2 . 6 ) 4 6.  72 1 . 9 8 5 ( 3 . 1  )
5 7 . 5 0 1 . 8 4 2 ( 2 . 8 ) 5 8 . 0 2 2.  1 3 5 ( 2 . 9 )
6 8 . 4 8 1 . 9 2 6 ( 2 . 6 ) 6 9 . 0 7 2 . 8 2 1 ( 3 . 4 )
79 . 21 2 . 0 4 6 ( 2 . 5 ) 7 9 . 8 5 2 . 8 2 1 ( 3 . 4 )
8 9 . 6 4 2 . 0 8 9 ( 2 . 8 ) 9 0 . 3 4 3 . 0 0 4 ( 3 . 0 )
9 9 . 8 0 2 . 3 3 8 ( 2 . 9 ) 10 0 . 49 3 . 2 0 3 ( 4 . 0 )
10 9 . 65 2 . 2 6 1 ( 2 . 9 ) 11 0 . 33 2 . 8 7 6 ( 3 . 3 )
119. 21 2 . 0 7 5 ( 2 . 8 ) 11 9 . 85 2 . 7 6 0 ( 3 . 7 )
1 2 8 . 4 8 1 . 9 8 3 ( 2 . 8 ) 1 2 9 . 0 7 2 . 8 4 4 ( 3 . 4 )
1 3 7 . 4 9 1 . 8 1 5 ( 3 . 2 ) 13 8 . 02 2 . 3 8 7 ( 3 . 3 )
1 4 6 . 2 8 1 . 6 4 1 ( 3 . 3 ) 14 6 . 72 2 . 4 7 9 ( 3 . 6 )
1 5 4 . 8 8 1 . 4 5 7 ( 3 . 3 ) 1 5 5 . 2 2 2 . 2 9 5 ( 3 . 8 )
163- 34 1 . 3 8 7 ( 3 .  7) 1 6 3 . 5 7 2 . 2 6 7 ( 3 . 8 )

T a b l e  15
A b s o l u t e  D i f f e r e n t i a l  Cr o s s  S e c t i o n s  f o r  ° L i ( 2 . 1 8 )  S t a t e

Eo T T r r i r M e V ” * E? = 2 . 5 0  MeV
J He He

®cm ^cra ®cm ^cm
( de g ) ( m b / s r ) ( deg) ( m b / s r )
* 3 . 6 ^ U . 95 3 1 3 - 1 ) 2 3 . 8 b i ."404 ( 3 .  3)
3 5 . 2 9 1 . 3 2 2 ( 2 . 7 ) 3 5 . 6 5 1 . 8 8 9 ( 3 . 3 )
4 6 . 81 1 . 6 2 2 ( 2 . 7 ) 4 7 . 2 7 2 . 4 0 1 ( 3 . 1 )
58 .  12 1 . 7 7 9 ( 2 . 8 ) 5 8 . 6 8 2 . 2 3 7 ( 2 . 9 )
69 .  19 1 . 7 0 7 ( 2 . 7 ) 6 9 . 8 2 2 . 4 7 4 ( 3 . 2 )
7 9 . 9 8 1 . 5 3 9 ( 2 . 7 ) 8 0 . 6 6 2 . 1 6 7 ( 3 . 5 )
9 0 . 4 7 1 . 4 3 7 ( 3 . 0 ) 9 1 . 1 9 1 . 9 8 8 ( 3 . 3 )
10 0 . 63 1 . 0 8 2 ( 3 . 7 ) 1 0 1 . 3 6 1 . 8 5 1 ( 4 . 5 )
1 1 0 . 4 6 0 . 9 3 7 ( 4 . 4 ) 11 1 . 1 8 1 . 3 9 2 ( 4 . 0 )
119- 98 0 . 8 2 6 ( 4 . 0 ) 1 2 0 . 6 7 1 . 2 4 4 ( 4 . 7 )
1 2 9 . 1 9 0 . 8 0 0 ( 5 . 0 ) 12 9 . 82 1 . 2 0 9 ( 4 . 9 )
1 3 8 . 1 2 0 . 7 3 0 ( 5 . 2 ) 13 8 . 68 0 . 9 1 6 ( 4 . 7 )
146. 81 0 . 7 3 0 ( 5 . 0 ) 14 7 . 2 7 0 . 9 8 1 ( 5 . 0 )
1 5 5 . 2 9 0 . 6 9 0 ( 4 . 9 ) 155 . 65 0 . 8 0 7 ( 6 . 2 )
163. 61 0 . 6 4 2 ( 5 . 3 ) 16 3 . 86 0 . 7 9 2 ( 5 . 5 )

The number s i n  p a r e n t n e s e s a r e  t n e  p e r c e n t a g e  e r r o r s  on cr
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Table 16
Absolute Differential Cross Sections for ^Li(3*56) State

L 3 ,t = 2 . 1 5  MeV 
J He E3He

= 2 . 5 0  MeV

cm ^cm 9 cm ^cm
( d e g ) ( m b / s r ) ( d e g ) ( m b / s r )

IF iT 8 T .....0 7061 ( 2 6 .  6) 2 4 . 0 9 o . o s T r r y . o )
3 5 . 6 1 0 . 0 9 6 ( 1 5 . 6 ) 3 5 . 9 8 0 . 1 2 0 ( 1 5 . 2 )
4 7 . 2 1 0 . 1 3 1 ( 1 1 . 9 ) 47' .  70 0 . 1 9 6 ( 1 0 . 2 )
5 8 . 6 1 0 . 2 5 5 ( 7 . 8 ) 5 9 .  19 0 . 1 9 4 ( 1 0 . 0 )
6 9 .  74 0 . 3 9 7 ( 5 . 6 ) , 7 0 . 4 0 0 . 4 1 8 ( 6 . 8 )
8 0 . 5 8 0 . 5 6 7 ( 4 . 4 ) 8 1 . 2 9 0 . 5 9 9 ( 5 . 7 )
91 . 09 0 . 7 5 7 ( 4 . 2 ) 9 1 .  84 0 . 8 6 7 ( 4 . 6 )
1 0 1 . 2 6 0 . 7 9 6 ( 4 . 8 ) 1 0 2 . 0 3 1 . 0 2 5 ( 6 . 0 )
1 1 1 . 0 9 0 . 9 2 1 ( 5 . 2 ) 1 1 1 . 8 4 1 . 1 2 2 ( 4 . 9 )
1 2 0 . 5 8 0 . 8 5 5 ( 4 . 9 ) 1 2 1 . 2 9 0 . 8 6 2 ( 6 . 4 )
1 2 9 . 7 4 0 . 6 4 8 ( 6 . 8 ) 1 3 0 . 4 0 0 . 8 7 3 ( 6 . 5 )
1 3 8 . 6 1 0 . 4 5 4 ( 9 . 3 ) 1 3 9 . 1 9 0 . 6 2 2 ( 7 . 3 )
1 4 7 . 2 1 0 . 4 2 6 ( 1 0 . 9 ) 1 4 7 . 7 0 0 . 7 0 6 ( 6 . 5 )
1 5 5 . 6 0 0 . 4 3 8 ( 9 . 1 ) 1 5 5 . 9 8 0 . 5 8 9 ( 1 0 . 2 )
1 6 3 . 8 3 0 . 4 1 1 ( 9 . 6 ) 1 6 4 . 0 9 0 . 8 3 5 ( 9 . 0 )

T a b l e  17
A b s o l u t e  D i f f e r e n t i a l  C r o s s  S e c t i o n s  f o r  L i ( 5 . 3 7 )  S t a t e

E— _ _ _ _ _  Eq = 2 . 5 0  MeV
■He J He

0 cm
( d e g ) ( m b / s r )

6 cm 
( d e g )

^cm
( m b / s r )

2 4 .  18 " T 7 9 4 7 C 3 . 3 ) ........... 2 4 . 4 5 1 . 5 b 5 T ^ . O )
3 6 .  12 1 . 5 6 5 ( 3 . 6 ) 3 6 . 5 2 1 . 0 2 0 ( 5 . 3 )
4 7 . 8 8 1 . 4 2 0 ( 4 . 0 ) 4 8 . 3 9 1 . 0 6 4 ( 4 . 9 )
5 9 . 4 0 1 . 2 2 8 ( 4 . 6 ) 6 0 . 0 1 0 . 8 4 1 ( 5 . 3 )
70 .  64 1 . 2 9 0 ( 4 . 1 ) 7 1 . 3 4 1 . 4 6 9 ( 4 . 6 )
81 . 56 0 . 9 3 1 ( 5 . 4 ) 8 2 . 3 1 1 . 5 7 0 ( 4 . 8 )
9 2 . 1 2 1 . 2 4 3 ( 4 . 6 ) 9 2 . 9 2 1 . 5 1 7 ( 4 . 5 )
1 0 2 . 3 1 1 . 9 1 3 ( 5 . 0 ) 1 0 3 . 1 2 1 . 5 0 9 ( 1 2 . 5 )
1 1 2 . 1 2 1 . 4 7 9 ( 5 . 7 ) 1 1 2 . 9 2 0 . 9 6 4 ( 1 2 . 7 )
1 2 1 . 5 6 1 . 1 4 8 ( 4 . 7 ) 1 2 2 . 3 1 1 . 2 1 9 ( 1 1 . 3 )
1 3 0 . 6 4 1 . 3 9 7 ( 4 . 4 ) 1 3 1 . 3 4 . 1 . 2 2 7 ( 8 . 0 )
1,39.40 1 . 9 3 2 ( 5 . 2 ) 1 4 0 . 0 1 1 . 3 4 4 ( 8 . 5 )
1 4 7 . 8 8 1 . 8 5 5 ( 4 . 8 ) 1 4 8 . 3 9 1 . 7 1 7 ( 8 . 4 )
1 5 6 . 1 2 3 . 2 0 3 ( 4 . 2 ) 1 5 6 . 5 2 1 . 8 5 7 ( 6 . 3 )
1 6 4 . 1 8 3 . 3 9 2 ( 4 . 2 ) 1 6 4 . 4 5 2 . 4 1 7 ( 6 . 2 )

The  n u m c e r s m  p a r e n t h e s e s a r e  t n e  p e r c e n t a g e  e r r o r s  on  o*



Table 18 Cross Sections for the ^Li Ground State
As a F u n c t i o n  o f 3He Bo mb a r d i n g E n e r g i e s

e t .»h = 3 0 ° QI.ab = 9 0 ° ®I.ah = 150°
■e3 ' 
(MeV5)

^La b ^Lab ^Lab
( m b / s r ) ( m b / s r ) ( m b / s r )

CJ. 75 - ' 0 7 U W G Y 2 ) ' 0 . 0 0 9 ( 2 . 8 ) 0 . " 0 1 5 ( 2 . 5 )
0 . 8 0 0 . 0 2 9 ( 2 . 8 ) 0 . 0 2 9 ( 3 . 5 ) 0 . 0 5 0 ( 3 . 5 )
0 . 8 5 0 . 0 5 2 ( 2 . 5 ) 0 . 0 4 3 ( 4 . 0 ) 0 . 0 8 1 ( 2 . 2 )
0 . 9 0 0 . 0 7 5 ( 2 . 5 ) 0 . 0 5 8 ( 3 . 2 ) 0 .  1 1 1 ' ( 2 . 4 )
0 . 9 3 0 . 0 9 7 ( 3 . 9 ) 0 . 0 7 6 ( 4 . 1 ) 0 . 1 4 4 ( 4 . 2 )
0 . 9 7 0 . 1 2 7 ( 2 . 2 ) 0 . 0 9 9 ( 2 . 1 ) 0 . 1 8 9 ( 2 . 5 )
1 . 0 0 0 . 1 4 9 ( 3 . 3 ) 0.. 1 1 6 ( 3 . 4 ) 0 . 2 2 4 ( 4 . 2 )
1 . 0 5 0 . 1 8 8 ( 3 . 3 ) 0 . 1 5 7 ( 4 . 5 ) 0 . 2 4 7 ( 4 . 2 )
1.  10 0 . 2 2 4 ( 2 . 9 ) 0 . 2 0 0 ( 4 . 2 ) 0 . 2 6 7 ( 4  . 1 )
1 . 15 0 . 2 6 4 ( 2 . 4 ) 0 . 2 4 2 ( 3 . 5 ) 0 . 2 8 9 ( 3 . 6 )
1 . 2 0 0 . 3 0 4 ( 2 . 4 ) 0 . 2 8 3 ( 3 . 8 ) 0 . 3 1 1 ( 3 . 8 )
1 . 25 0 . 3 5 2 ( 2 . 1 ) 0 . 3 2 8 ( 2 . 8 ) 0 . 3 1 4 ( 3 . 7 )
1 . 3 0 0 . 4 0 9 ( 1 . 9 ) 0 . 3 7 3 ( 2 . 9 ) 0 . 3 2 2 ( 3 . 3 )
1 . 3 5 0 . 4 7 8 ( 1 . 8 ) 0 . 4 1 2 ( 2 . 6 ) 0 . 3 2 1 ( 3 . 3 )
1 . 3 7 0 . 5 0 2 ( 2 . 4 ) 0 . 4 2 7 ( 2 . 6 ) 0 . 3 2 4 ( 4 . 4 )
1 . 4 0 0 . 5 3 9 ( 1 . 8 ) 0 . 4 5 1 ( 2 . 8 ) 0 . 3 2 7 ( 3 . 5 )
1 . 4 2 0 . 5 4 5 ( 2 . 3 ) 0 . 4 5 4 ( 2 . 6 ) 0 . 3 2 1 ( 4 . 4 )
1 . 4 5 0 . 5 5 5 ( 1 - .  7) 0 . 4 5 7 ( 2 . 3 ) 0 . 3 1 1 ( 3 . 6 )
1 . 4 7 0 . 5 6 1 ( 2 . 0 ) 0 . 4 5 9 ( 2 . 4 ) 0 . 3 0 4  ( 4 . 2 )
1 . 5 0 0 . 5 7 0 ( 1 . 7 ) 0 . 4 6 4 ( 1 . 9 ) 0 . 2 9 3 ( 3 . 6 )

,1 . 5 2 0 . 5 7 6 ( 2 . 8 ) 0 . 4 6 8 ( 2 . 3 ) 0 . 2 8 7 ( 4 . 2 )
1 . 5 5 0 . 5 8 7 ( 1 . 9 ) 0 . 4 7 5 ( 2 . 3 ) 0 . 2 7 6 ( 4 . 3 )
1 . 6 0 0 . 6 0 8 ( 1 . 7 ) 0 . 4 9 0 ( 2 . 2 ) 0 . 2 6 2 ( 4 . 0 )
1 . 6 5 0 . 7 0 4 ( 1 . 9 ) 0 . 5 5 4  ( 2 .  1 ) 0 . 2 8 4 ( 4 . 4 )
1 . 7 0 0 . 8 0 3 ( 1 . 7 ) 0 . 6 2 3 ( 2 . 0 ) 0 . 3 0 6 ( 3 . 7 )
1 . 7 5 0 . 9 6 4 ( 1 . 7 ) 0 . 7 3 5 ( 2 . 0 ) 0 . 3 6 5 ( 3 . 9 )
1 . 8 0 1 . 1 2 8 ( 1 . 6 ) 0 . 8 5 4 ( 1 . 8 ) 0 . 4 2 3 ( 3 . 4 )
1 . 8 5 1 . 2 1 8 ( 1 . 5 ) 0 . 9 3 6 ( 1 . 8 ) 0 . 4 5 8 ( 3 . 4 )
1 . 9 0 1 . 3 0 9 ( 1 . 4 ) 1 . 0 1 8 ( 1 . 7 ) 0 . 4 8 9 ( 2 . 8 )
1 . 9 5 1 . 3 9 5 ( 1 . 4 ) 1 . 1 0 5 ( 1 . 7 ) 0 . 5 1 7 ( 2 . 9 )
2 . 0 0 1 . 4 8 1 ( 1 . 5 ) 1 - 1 9 7 ( 1 - 7 ) 0 . 5 5 1  ( 3 - 1 )
2 . 0 5 1 . 5 5 1 ( 1 . 3 ) 1 . 2 6 0 ( 1 . 7 ) 0 . 6 4 1 ( 2 . 4 )
2 . 0 7 1 . 5 8 0 ( 1 . 5 ) 1 . 2 8 7 ( 1 . 9 ) 0 . 6 7 6 ( 2 . 8 )
2 .  10 1 . 6 2 2 ( 1 . 2 ) 1 . 3 2 6 ( 1 . 4 ) 0 . 7 3 0 ( 2 . 1 )
2 . 1 2 1 . 6 3 8 ( 1 . 4 ) 1 . 3 3 4 ( 1 . 5 ) 0 . 7 5 9 ( 2 . 4 )
2 .  15 1 . 6 6 1 ( 1 . 3 ) 1 . 3 4 6 ( 1 . 4 ) 0 . 8 0 4 ( 2 . 2 )
2 . 1 7 1 . 6 8 0 ( 1 . 3 ) 1 . 3 5 5 ( 1 . 5 ) 0 . 8 3 5 ( 2 . 2 )
2 . 2 0 1 . 7 0 6 ( 1 . 4 ) 1 . 3 6 7 ( 1 . 8 ) 0 . 8 8 2 ( 2 . 3 )
2 . 2 2 1 . 6 8 5 ( 1 . 5 ) 1 . 3 7 9 ( 1 . 7 ) 0 . 9 2 4 ( 2 . 2 )
2 . 2 5 1 . 6 5 1 ( 1 . 5 ) 1 . 3 9 7 ( 1 . 7 ) 0 . 9 8 8 ( 2 . 2 )
2 . 3 0 1 . 5 9 3 ( 1 . 5 ) 1 . 4 3 1 ( 1 . 7 ) 1 . 0 9 1 ( 2 . 2 )
2 . 3 5 1 . 5 9 2 ( 1 . 5 ) 1 . 4 5 3 ( 1 . 6 ) 1 . 1 6 4 ( 2 . 1 )
2 . 4 0 1 . 5 9 1 ( 1 . 5 ) 1 . 4 7 5 ( 1 . 5 ) 1 . 2 3 7 ( 2 . 0 )
2 . 4 5 1 . 5 7 3 ( 1 . 7 ) 1 . 5 2 6 ( 1 . 7 ) 1 . 2 6 4 ( 2 . 3 )
2 . 5 0 1 . 5 5 5 ( 1 . 6 ) 1 . 5 7 7 ( 1 . 5 ) 1 . 2 8 8 ( 2 . 1 )

The numbers xn parentneses are OTe percentage errors on cr
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- Table 19 Cross Sections for the ^Li(2.18) State
As a Function of ^He Bombarding Energies

e i .*h = 3 0 ° ■ O O = 150°
"E..........
( MeV)

^Lab °Lab ° La b
( m b / s r ) ( m b / s r ) ( m b / s r )

' 0 . 7 b ' 0 . 0 1 3 ( 4 . 3 J 0 .  007 4 . 8 ) 0 . 0 0 7 ( 5 . 1 )
0 . 8 0 0 . 0 4 5 ( 3 . 8 ) 0 . 0 2 2 5 . 8 ) 0 . 0 2 1 ( 7 . 4 )
0 . 8 5 0 . 0 8 0 ( 3 . 4 ) 0 . 0 3 3 6 . 8 ) 0 . 0 3 0 ( 5 . 0 )
0 . 9 0 0 . 0 9 5 ( 3 . 5 ) 0 . 0 4 2 5 . 5 ) 0 . 0 3 6 ( 5 . 9 )
0 . 9 3 0 . 1 0 8 ( 5 . 7 ) 0 . 059 6 . 9 ) 0 . 0 4 5 ( 1 0 . 8 )
0 . 9 7 0 . 1 1 7 ( 3 . 5 ) 0 . 0 7 1 3 . 5 ) 0 . 0 5 1 ( 6 . 9 )
1 . 0 0 0 . 1 2 6 ( 5 . 3 ) 0 . 0 7 3 6 . 2 ) 0 . 0 7 3 ( 1 0 . 2 )
1 . 0 5 0 . 1 2 2 ( 5 . 9 ) 0 . 1 0 4 8.  1) 0 . 0 6 6 ( 1 2 . 0 )
1 . 1 0 0 . 1 2 0 ( 5 . 5 ) 0 . 1 1 9 7 . 8 ) 0 . 0 6 9 ( 1 2 . 2 )
1 . 1 5 0 . 1 1 3 ( 5 . 0 ) 0 .  139 6 . 6 ) 0 . 0 7 3 ( 1 0 . 7 )
1 . 2 0 0 . 1 2 1 ( 5 . 3 ) 0 .  156 7 . 5 ) 0 . 0 7 0 ( 1 2 . 8 )
1 . 2 5 0 . 1 3 5 ( 4 . 4 ) 0 .  149 6 . 0 ) 0 . 0 5 8 ( 1 4 . 3 )
1 . 3 0 0 . 1 4 8 ( 4 . 2 ) 0 . 162 6 . 3 ) 0 . 0 6 2 ( 1 2 . 9 )
1 . 3 5 0 . 1 8 5 ( 4 . 0 ) 0 .  174 5 . 8 ) 0 . 0 7 3 ( 1 1 . 2 )
1 . 3 7 0 . 1 9 9 ( 4 . 8 ) 0 . 2 1 8 5 . 2 ) 0 . 1 0 6 ( 1 0 . 8 )
1 . 4 0 0 . 2 0 9 ( 3 . 8 ) 0 .  172 6 . 6 ) 0 . 1 1 9 ( 8 . 5 )
1 . 4 2 0 . 2 2 5 ( 4 . 6 ) 0 . 2 0 2 5 . 5 ) 0 . 1 2 2 ( 1 0 , 6 )
1 . 4 5 0 . 2 6 3 ( 3 . 4 ) 0 . 2 0 3 5 . 0 ) 0 . 1 2 9 ( 8 . 8 )
1 . 4 7 0 . 2 4 4 ( 4 . 2 ) 0 . 2 2 8 4 . 8 ) 0 .  1 0 4 ( 1 1 . 4 )
1 . 5 0 0 . 2 8 7 ( 3 . 2 ) 0 . 2 1 0 4 . 0 ) 0 . 1 0 6 ( 9 . 5 )
1 . 5 2 0 . 3 0 9 ( 3 . 8 ) 0 . 2 1 2 5 . 0 ) 0 . 1 4 3 ( 8 . 9 )
1 . 5 5 0 . 3 0 8 ( 3 . 6 ) 0 . 2 4 2 4 . 4 ) 0 . 1 3 9 ( 9 . 3 )
1 . 6 0 0 . 3 3 4 ( 3 . 2 ) 0 . 2 3 8 4 . 4 ) 0 . 1 6 9 ( 7 . 5 )
1 . 6 5 0 . 4 4 8 ( 3 . 3 ) 0 . 2 8 8 4 . 1 ) 0 . 1 4 5 ( 9 . 7 )
1 . 7 0 0 . 5 3 6 ( 2 . 9 ) 0 . 3 2 0 3 . 9 ) 0 . 2 0 3 ( 7 . 0 )
1 . 7 5 0 . 6 4 0 ( 3 . 0 ) 0 . 3 5 9 3 . 9 ) 0 . 2 3 9 ( 6 . 0 )
1 . 8 0 0 . 7 3 6 ( 2 . 7 ) 0 . 4 1 7 3 . 8 ) 0 . 2 6 7 ( 6 . 6 )
1.  85 0 . 8 2 1 ( 2 . 6 ) 0 . 404 3 . 9 ) 0 . 2 7 6 ( 6 . 8 )
1 . 90 0 . 8 8 6 ( 2 . 4 ) 0 . 5 0 6 3 . 4 ) 0 . 2 5 4 ( 6 . 4 )
1 . 9 5 0 . 9 5 4 ( 2 . 4 ) 0 . 502 3 . 4 ) 0 . 2 6 2 ( 6 . 6 )
2 . 0 0 1 . 0 3 8 ( 2 . 5 ) 0 . 5 3 5 4 . 3 ) 0 . 2 9 5 ( 6 . 8 )
2 . 0 5 1.  1 2 5 ( 2 .  1 ) 0 . 5 7 8 3 . 4 ) 0 . 3 3 9 ( 5 . 0 )
2 . 0 7 1 . 1 1 2 ( 2 . 6 ) 0 . 6 2 7 3 . 7 ) 0 . 3 3 1 ( 6 . 1 )
2 .  10 1 . 1 8 4 ( 2 . 0 ) 0 .  627 3 . 0 ) 0 . 3 6 1 ( 4 . 6 )
2 . 1 2 1 . 2 6 7 ( 2 . 2 ) 0 .  648 3 . 0 ) 0 . 3 3 2 ( 5 . 6 )
2 . 1 5 1 . 3 6 9 ( 2 . 1  ) 0 .  621 3 . 0 ) 0 . 3 7 0 ( 5 . 0 )
2 . 1 7 1 . 3 8 4  ( 2 .  1 ) 0 . 7 1  1 2 . 9 ) 0 . 4 0 3 ( 4 . 7 )
2 . 2 0 1 . 4 4 0 ( 2 . 3 ) 0 . 6 8 1 3 . 7 ) 0 . 4 0 4 ( 5 . 1 )
2 . 2 2 1 . 5 8 0 ( 2 . 3 ) 0 . 7 3 7 3 . 2 ) 0 . 3 7 8 ( 5 . 3 )
2 . 2 5 1 . 5 6 2 ( 2 . 3 ) 0 . 6 6 9 3 . 6 ) 0 . 3 9 2 ( 5 . 4 )
2 . 3 0 1 . 6 2 0 ( 2 . 2 ) 0 .  764 3 . 4 ) 0 . 4 1 8 ( 5 . 3 )
2 . 3 5 1 . 7 7 7 ( 2 . 3 ) 0 . 7 9 5 3 . 1 ) 0 . 4 2 3 ( 5 . 4 )
2 . 4 0 1 . 7 8 8 ( 2 . 2 ) 0 . 6 9 3 3 . 2 ) 0 . 4 3 6 ( 5 . 0 )
2 . 4 5 1 . 9 3 4 ( 2 . 4 ) 0 . 8 1 3 3 . 4 ) 0 . 4 4 3 ( 6 . 1 )
2 . 5 0 1 . 9 9 3 ( 2 . 2 ) 0 . 909 2 . 7 ) 0 . 4 3 9 ( 5 . 4 )  •



143

Table 20 Cross Sections for the ^Li(3.56) State
As a Function of 3He Bombarding Energies

®Lab = 3 0° e i . ab_= 9 0 °  . A * .b  = 1 5 0 °
*̂ 3
(Me\f)

^Lab <5Lab ^Lab
( m b / s r ) ( m b / s r ) ( m b / s r )

U. Vb 0 . 0 0 5 ( 7  . " 4 T " 0 . 0 0 5 ( 6 . 5 ) 0 . 0 0 2 (  1 b . tt )
0 . 8 0 0 . 0 1 9 ( 6 . 7 ) 0 . 0 1 9 ( 7 . 7 ) 0 . 0 0 8 ( 2 1 . 9 )
0 . 8 5 0 . 0 3 1 ( 6 . 0 ) 0 . 0 3 1 ( 8 . 8 ) 0 . 0 1 2 ( 1 6 . 1 )
0 . 9 0 0 . 0 4 4 ( 6 . 0 ) 0 . 0 4 2 ( 6 . 8 ) 0 . 0 2 4 ( 1 1 . 8 )
0 . 9 3 0 . 0 5 0 ( 1 0 . 2 ) 0 . 0 7 6 ( 7 . 3 ) 0 . 0 2 7 ( 2 2 . 5 )
0 . 9 7 0 . 0 6 4 ( 5 . 7 ) 0 . 1 0 7 ( 3 . 5 ) 0 . 0 3 7 ( 1 4 . 1 )
1 . 0 0 0 . 0 7 6 ( 8 . 4 ) 0 . 1 3 1 ( 5 . 7 ) 0 . 0 9 4 ( 1 2 . 7 )
1 . 0 5 0 . 0 9 3 ( 8 . 3 ) 0 . 2 0 4 ( 7 . 3 ) 0 . 0 5 7 ( 2 2 . 0 )
1 . 10 0 . 1 0 0 ( 7 . 4 ) 0 . 2 4 3 ( 6 . 9 ) 0 . 0 6 1 ( 2 2 . 7 )
1 . 1 5 0 . 0 8 7 ( 7 . 7 ) 0 . 3 4 6 ( 5 . 4 ) 0 . 0 8 1 ( 1 5 . 3 )
1 . 2 0 0 .  1 1 8 ( 9 . 0 ) 0 . 3 7 4 ( 6 . 1 ) 0 . 0 9 6 ( 1 5 . 2 )
1 . 2 5 0 . 1 2 4 ( 6 . 0 ) 0 . 4 3 6 ( 4 . 3 ) 0 . 1 0 7 ( 1 4 . 7 )
1 . 3 0 0 .  1 3 6 ( 5 . 3 ) 0 . 4 9 3 ( 4 . 5 ) 0 . 0 9 3 ( 1 4 . 8 )
1 . 35 0 . 1 3 7 ( 6 . 0 ) 0 . ‘5 1 1 (4 . 0) 0 . 1 2 4 ( 1 1 . 2 )
1 . 3 7 0 . 1 4 8 ( 6 . 6 ) 0 . 6 4 1 ( 3 . 7 ) 0 . 1 3 7 ( 1 4 . 8 )
1 . 4 0 0 . 1 7 1 ( 4 . 9 ) 0 . 5 2 1 ( 4 . 5 ) 0 . 1 1 5 ( 1 3 . 2 )
1 . 42 0 . 1 5 2 ( 7 . 0 ) 0 . 5 8 8 ( 3 . 9 ) 0 . 1 3 5 ( 1 3 . 4 )
1 . 4 5 0 . 1 5 9 ( 5 . 5 ) 0 . 4 7 5 ( 3 . 9 ) 0 . 1 1 2 ( 1 3 . 9 )
1 . 4 7 0 .  1 5 2 ( 6 . 3 ) 0 . 5 4 6 ( 3 . 8 ) 0 . 0 7 9 ( 2 3 . 5 )
1 . 5 0 0 . 1 5 7 ( 5 . 4 ) 0 . 5 4 8 ( 3 . 1 ) 0 .  1 0 2 ( 1 4 . 2 )
1 . 5 2 0 . 1 4 4 ( 6 . 9 ) 0 . 5 1 8 ( 3 . 7 ) 0 . 1 0 6 ( 1 6 . 0 )
1 . 5 5 0 . 1 5 0 ( 7 . 1 ) 0 . 5 2 3 ( 3 . 6 ) 0 . 1 0 2 ( 1 8 . 0 )
1 . 6 0 0 . 1 2 6 ( 7 . 2 ) 0 . 5 8 2 ( 3 . 4 ) 0 . 1 2 5 ( 1 2 . 7 )
1 . 65 0 . 1 3 7 ( 8 . 0 ) 0 . 5 9 7 ( 3 . 3 ) 0 . 0 7 3 ( 2 4 . 6 )
1 . 7 0 0 . 1 4 2 ( 8 . 6 ) 0 . 6 1 8 ( 3 . 4 ) 0 . 0 5 3 ( 2 9 . 4 )
1 . 75 0 . 1 4 4 ( 8 . 8 ) 0 . 6 1 2 ( 3 . 6 ) 0 . 0 7 0 ( 2 9 . 2 )
1 . 80 0 . 0 9 6 ( 1 6 . 1 ) 0 . 6 3 4 ( 3 . 5 ) 0 . 0 6 8 ( 2 9 . 8 )
1 . 85 0 . 1 1 9 ( 1 2 . 4 ) 0 . 5 9 8 ( 4 . 7 ) 0 . 1 1 3 ( 1 9 . 5 )
1 . 9 0 0 . 1 0 9 ( 1 1 . 6 ) 0 . 6 1 4 ( 3 . 8 ) 0 . 0 5 2 ( 3 5 . 1 )
1 . 95 0 . 0 9 4 ( 1 6 . 4 ) 0 . 5 4 4 ( 4 . 3 ) 0 . 1 3 3 ( 1 6 . 2 )
2 . 0 0 0 . 0 8 6 ( 1 7 . 7 ) 0 . 5 2 4 ( 5 . 1 ) 0 . 0 7 4 ( 2 7 . 2 )
2 . 0 5 0 .  1 0 5 ( 1 2 . 5 ) 0 . 5 0 5 ( 5 . 0 ) 0 . 1 3 5 ( 1 4 . 1  )
2 . 0 7 0 . 0 8 2 ( 2 1 . 1 ) 0 . 5 2 6 ( 5 . 2 ) 0 . 1 4 7 ( 1 6 . 1 )
2 .  10 0 . 0 5 5 ( 2 4 . 5 ) 0 . 5 7 9 ( 3 . 9 ) 0 . 1 3 6 ( 1 2 . 3 )
2 . 1 2 0 . 0 7 8 ( 1 9 . 4 ) 0 . 4 9 8 ( 4 . 4 ) 0 . 2 0 4 ( 1 0 . 3 )
2 . 1 5 0 . 1 0 1 ( 1 5 . 5 ) 0 . 4 5 6 ( 4 . 7 ) 0 . 2 2 9 ( 9 . 6 )
2 . 1 7 0 . 0 6 8 ( 2 4 . 3 ) 0 . 4 4 4 ( 5 . 0 ) 0 . 2 0 0 ( 1 1 . 3 )
2 . 2 0 0 . 0 5 3 ( 3 5 . 1 ) 0 . 4 2 6 ( 6 . 1 ) 0 . 1 6 5 ( 1 4 . 2 )
2 . 2 2 0 . 1 0 8 ( 1 7 . 3 ) 0 . 5 2 3 ( 4 . 9 ) 0 . 2 5 7 ( 9 . 7 )
2 . 2 5 0 . 0 8 2 ( 2 5 . 0 ) 0 . 4 1 6 ( 6 . 2 ) 0 . 2 7 1 ( 9 . 4 )
2 . 3 0 0 . 0 6 8 ( 2 5 . 0 ) 0 . 4 2 0 ( 6 . 3 ) 0 . 3 7 9 ( 7 . 1 )
2 . 3 5 0 . 1 0 2 ( 1 8 . 0 ) 0 . 4 6 2 ( 5 . 2 ) 0 . 1 8 9 ( 1 5 . 4 )
2 . 4 0 0 .  1 2 5 ( 1 3 . 0 ) 0 . 4 1 7 ( 5 . 9 ) 0 . 2 1 1 ( 1 3 . 8 )
2 . 4 5 0 .  1 5 4 ( 1 5 . 3 ) 0 . 4 8 4 ( 5 . 9 ) 0 . 1 3 0 ( 2 3 . 5 )
2 . 5 0 0 . 1 2 9 ( 1 5 . 0 ) 0 . 5 0 2 ( 4 . 9 ) 0 . 1 8 3 ( 1 7 . 4 )

hum heir's i n  p a r e n t n e s e s a r e ^ t n e  p e r c e n t a g e  e r r o r s  on  cr
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Table 21 Cross Sections for the ^Li(5.37) State
As a Function of 3He Bombarding Energies

0! . ab = 3 0 ° Gt a b  = 9 0 ° e T.ab = 150°
t o

J l j _ ^La b ^ Lab ^Lab
( Me ( m b / s r ) ( m b / s r ) ( m b / s r )
'c r:7 b " '' 0 . " U6 6 ( 3 . 7 ) 0 . 0 3 1 ( 4 . 3 ) 0 . 0 3 5 4 . 2 )
0 . 8 0 0 . 2 5 1 ( 3 . 2 ) 0 .  1 3 2 ( 4 . 7 ) 0 .  197 4 . 6 )
0 . 8 5 0 . 5 1 5 ( 2 . 8 ) 0 . 2 4 7 ( 5 . 1 ) 0 . 2 9 7 3 . 4 )
0 . 9 0 0 . 6 7 7 ( 2 . 9 ) 0 . 3 8 8 ( 3 . 9 ) 0 .  506 3 . 2 )
0 . 9 3 0 . 7 9 0 ( 4 . 5 ) 0 . 5 3 0 ( 5 . 0 ) 0 . 7 4 5 5 . 4 )
0 . 9 7 0 . 8 3 7 ( 2 . 7 ) 0 . 6 0 3 ( 2 . 7 ) 0 . 9 2 0 3 . 3 )
1 . 0 0 0 . 9 6 7 ( 4 . 0 ) 0 . 6 3 0 ( 4 . 4 ) 1 . 124 5 . 6 )
1 . 0 5 0 . 9 8 9 ( 4  . 1 ) 0 . 9 0 1 ( 5 . 7 ) 1 . 2 4 0 5 . 5 )
1 . 10 0 . 9 5 3 ( 3 . 8 ) 0 . 9 3 0 ( 5 . 7 ) 1 . 0 5 0 5 . 9 )
1 . 15 0 . 9 1 1 ( 3 . 3 ) 0 . 9 1 5 ( 5 . 1 ) 1 . 0 2 8 5 . 5 )
1 . 2 0 0 . 9 7 4 ( 3 . 5 ) 0 . 8 4 2 ( 5 . 9 ) 0 . 9 8 2 6 . 2 )
1 . 2 5 0 . 9 0 3 ( 3 . 2 ) 0 . 7 4 2 ( 5 . 3 ) 0 . 9 9 5 6 . 0 )
1 . 30 0 . 8 8 7 ( 3 . 1  ) 0 . 8 6 3 ( 5 . 1 ) 1 . 0 5 6 5 . 3 )
1 . 35 0 . 9 4 8 ( 3 .  1 ) 0 . 9 1 2 ( 4 . 5 ) 1 . 078 5 . 2 )
1 . 3 7 0 . 9 3 1 ( 4 . 1 ) 0 . 9 4 4 ( 4 . 8 ) 1 . 0 7 7 7 . 0 )
1 . 4 0 0 . 9 8 8 ( 3 .  1 ) 0 . 9 5 3 ( 5 . 2 ) 1 . 176 5 . 3 )
1 . 4 2 1 . 0 5 0 ( 3 . 8 ) 0 . 9 5 5 ( 4 . 7 ) 1 . 2 3 2 6 . 7 )
1 . 4 5 1 . 0 4 8 ( 2 . 9 ) 1 . 0 4 9 ( 3 . 7 ) 1 . 3 1 7 5 . 2 )
1 . 4 7 1 . 0 1 8 ( 3 . 5 ) 0 . 9 4 4 ( 4 . 4 ) 1 . 201 6 . 2 )
1 . 5 0 1 . 0 2 3 ( 2 . 9 ) 0 . 8 6 8 ( 3 . 6 ) 1.  189 5 . 3 )
1 . 5 2 0 . 8 9 7 ( 3 . 9 ) 0 . 8 5 3 ( 4 . 2 ) 1 . 0 2 9 6 . 7 )
1 . 5 5 0 . 8 3 9 ( 3 . 6 ) 0 . 8 3 3 ( 4 . 5 ) 1 . 030 6 . 6 )
1 . 6 0 0 . 6 7 0 ( 3 . 9 ) 0 . 7 3 3 ( 4 . 8 ) 0 .  968 6 . 2 )
1 . 6 5 1 . 0 1 2 ( 3 . 6 ) 0 . 7 9 5 ( 4 . 7 ) 1 . 178 6 . 4 )
1 . 7 0 0 . 9 6 1 ( 3 . 5 ) 0 . 7 9 8 ( 4 . 7 ) 1 . 143 5 . 7 )
1 . 75 0 . 9 7 7 ( 4 . 0 ) 0 . 8 5 2 ( 5 . 2 ) 1 . 171 6 . 5 )
1 . 8 0 1 . 0 5 3 ( 3 . 9 ) 0 . 8 8 0 ( 4 . 8 ) 1 . 0 6 0 6 . 3 )
1 . 8 5 1 . 0 1 1 ( 4 . 0 ) 0 . 8 6 1 ( 5 . 1 ) 0 . 9 3 0 7 . 2 )
1 . 9 0 1 . 0 3 5 ( 4 . 0 ) 0 . 8 2 3 ( 5 .  1 ) 0 . 8 0 3 6 . 8 )
1 . 9 5 0 . 9 7 0 ( 4 . 1  ) 0 . 7 9 6 ( 5 . 6 ) 0 . 9 8 9 6 . 5 )
2 . 0 0 1 . 0 9 0 ( 4 . 4 ) 0 . 8 8 5 ( 5 . 2 ) 1 . 0 7 2 6 . 5 )
2 . 0 5 1 . 3 3 3 ( 3 . 5 ) 0 . 9 6 3 ( 5 . 4 ) 1 . 201 4 . 8 )
2 . 0 7 1 . 3 4 9 ( 4 . 0 ) 0 . 9 9 9 ( 5 . 6 ) 1 . 2 5 5 5 . 6 )
2 .  10 1 . 3 7 1 ( 3 . 2 ) 0 . 9 9 6 ( 4 . 5 ) 1 . 2 7 4 4 . 4 )
2 .  12 1 . 6 0 3 ( 3 . 5 ) 1 . 1 1 2 ( 4 .  1) 1 . 571 4 . 6 )
2 .  15 1 . 6 9 0 ( 3 . 2 ) 1 . 0 9 2 ( 4 . 2 ) 1 . 611 4 . 2 )
2 .  17 1 . 5 5 6 ( 3 . 5 ) 1 . 1 0 1 ( 4 . 6 ) 1 . 4 4 2 4 . 6 )
2 . 2 0 1 . 4 8 1 ( 4 . 0 ) 1 . 0 7 2 ( 5 . 6 ) 1 . 3 4 0 5 . 1 )
2 . 2 2 1 . 4 4 4 ( 4 . 2 ) 1 . 0 1 0 ( 6 . 1 ) 1 . 2 1 0 5 . 2 )
2 . 2 5 1 . 4 2 9 ( 4 . 2 ) 0 . 9 7 7 ( 6 . 7 ) 1 . 201 5 . 5 )
2 . 3 0 1 . 3 5 4 ( 4 . 1 ) 0 . 9 6 9 ( 7 . 4 ) 1 . 0 6 3 6 . 4 )
2 . 3 5 1 . 1 7 3 ( 5 .  1) 0 . 8 1 5 ( 8 . 8 ) 0 . 9 9 5 6 . 5 )
2 . 4 0 1 . 0 7 4 ( 5 . 2 ) 0 . 7 4 0 ( 8 . 1 ) 0 . 9 4 7 6 . 5 )
2 , 4 5 1 . 0 9 4 ( 5 . 6 ) 0 . 7 7 4 ( 9 . 0 ) 0 . 9 2 7 7 . 6 )
2 . 5 0 1 . 1 2 2 ( 4 . 7 ) 0 . 7 3 6 ( 7 . 7 ) 0 . 9 4 4 6 . 0 )

The numbers in parentheses are ETie pere’en’iage errors" on <7



Table 22

C o e f f i c i e n t s  A^ t h e  e x p a n s i o n  o f  t f C © ( c o s ©}
L

and the total reaction cross section cr for ^Li ground state

E 3He Ao A1 a 2 a 3 a 4 c r

(MeV) ( m b / s r ) ( m b / s r ) ( m b / s r ) ( m b / s r ) ( m b / s r ) (mb)
0 .  90 " 0 . 1 3 b ' '  -^JTOBU1 - 0 . 0 0 7 0 .  OiiO -U . uu^ i . 6y6
1 . 0 0 0 . 2 0 6 - 0 . 0 4 8 - 0 . 0 1 7 0 . 0 2 8 0 . 0 0 9 2 . 5 8 9
1 . 10 0 . 2 3 1 - 0 . 0 1 6 0 . 0 2 6 0 . 0 1 8 0 . 0 1 0 2 . 9 0 3
1 . 2 0 0 . 2 4 2 0 . 0 1 5 0 . 0 5 6 0 . 0 1 7 - 0 . 0 3 6 3 . 0 4 1
1 . 3 0 0 . 3 4 0 0 . 0 5 5 0 . 0 2 8 0 . 0 2 9 - 0 . 0 2 2 4 . 2 7 3
1 . 4 0 0 . 4 1 7 0 . 0 9 9 0 . 0 2 2 0 . 0 5 5 - 0 . 0 5 2 5 . 2 4 0
1 . 5 0 0 . 4 8 3 0 . 1 0 2 - 0 . 0 8 2 0 . 1 1 6 0 . 0 2 0 6 . 0 7 0
1 . 60 0 . 5 1 0 0 . 1 2 0 - 0 . 1 0 2 0 . 1 3 5 0 . 0 2 8 6 , 4 0 9
1 . 70 0 . 7 1 3 0 .  156 - 0 . 1 4 1 0.  193 0 . 0 2 1 8 . 9 6 0
1 . 8 0 1 . 0 7 6 0 . 2 2 5 - 0 . 2 4 8 0 . 2 0 7 - 0 . 1 0 8 1 3 . 5 2 1
1 . 9 0 1 . 3 3 9 0 . 271 - 0 . 2 7 2 0 . 0 9 2 - 0 . 1 0 2 1 6 . 8 2 6
2 . 0 0 1 . 5 3 0 0 .  190 - 0 . 3 4 9 0 . 2 0 7 - 0 . 0 8 6 1 9 . 2 2 7
2 . 1 5 1 . 927 - 0 . 0 3 7 - 0 . 4 8 4 0 . 2 5 7 - 0  . 0 2 3 2 4 . 2 1 5
2 . 5 0 2 . 4 9 8 - 0 . 5 3 6 - 0 . 9 9 7 - 0 . 0 7 4 0 . 1 1 7 3 1 . 3 9 1

T a b l e  23
C o e f f i c i e n t s  i n t h e  e x p a n s i o n  o f  cr(© ) = 2ALPL ( c o s © ) 

and t h e  t o t a l  r e a c t i o n  c r o s s  s e c t i o n  f o r  ^ L i ( 2 . 1 8 )  s t a t e

E 3He
(MeV)

Ao

( m b / s r )

A1 

( m b / s r )

A2 

( m b / s r )

a 3

( m b / s r )

A4 

( m b / s r )

* r

(mb)
0 . 9 0 0 . 1 0 5 0 . 0 3 3 - 0 . 0 3 1 - 0 . 0 1 4 0 . 0 0 2 1 . 31 9
1 . 0 0 0 .  135 0 . 0 4 4 - 0 . 0 5 8 - 0 . 0 1 3 0 . 0 1 0 1 . 6 9 6
1 . 10 0 . 1 1 9 0 . 0 4 7 - 0 . 0 3 9 - 0  . 0 2 2 0 . 0 0 9 1 . 4 95
1 . 2 0 0 . 1 0 2 0 . 0 3 9 - 0 . 0 3 1 - 0 . 0 2 8 - 0 . 0 1 8 1 . 2 8 2
1 . 3 0 0 .  144 0 . 0 5 7 - 0 . 0 6 9 - 0 . 0 5 5 0 . 0 0 5 1 . 8 1 0
1 . 4 0 0 .  189 0 . 0 9 3 - 0 . 0 7 1 - 0 . 1 0 3 - 0 . 0 5 4 2 . 375-
1 . 5 0 0 . 2 4 5 0 .  125 - 0 . 1 2 0 - 0 . 1 1 7 - 0 . 0 2 0 3 . 0 7 9
1 . 6 0 0 . 2 9 4 0 . 1 4 5 - 0 . 1 1 7 - 0 . 1 5 6 - 0 . 0 0 4 3 . 6 9 5
1 . 7 0 0 . 4 4 6 0 . 2 0 6 - 0 . 1 3 1 - 0 . 2 1 8 - 0 . 0 6 6 5 . 6 0 5
1 . 80 0 . 6 5 4 0 . 3 3 5 - 0 . 2 0 2 - 0 . 3 4 3 - 0 . 0 9 9 8 . 2 1 8
1 . 9 0 0 . 7 8 2 0 . 3 7 1 - 0 . 2 3 1 - 0 . 4 5 2 - 0 . 1 9 1 9 . 8 2 7
2 . 0 0 0 .  907 0 . 4 2 3 - 0 . 2 2 6 - 0 . 4 6 5 - 0  . 1 9 7 1 1 . 3 9 8
2 .  15 1 . 2 0 0 0 . 4 6 4 - 0 . 4 3 1 - 0 . 5 3 1 - 0 . 1 9 5 1 5 . 0 8 0
2 . 5 0 1 . 720 0 .  656 - 0 . 7 1 0 - 0 . 5 5 4 - 0 . 1 6 9 2 1 . 6 1 4
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Table 24

C o e f f i c i e n t s  A^ t h e  e x p a n s i o n  o f  <5'(0) = 5Ajj p ^ ( c o s 0 )
L

and  t h e  t o t a l  r e a c t i o n  c r o s s  s e c t i o n  c f o r  6 L i ( 3 , 5 6 ) s t a t e

E3He Ao A1 a 2 a 3 a 4

(MeV) ( m b / s r ) ( m b / s r ) ( m b / s r ) ( m b / s r ) ( m b / s r ) (mb)
T". yu '  " o . o s y " U . OUU —u . uyu 0 .  001 0 . 00b 1 . 1 1 8
1 . 0 0 0 . 1 8 0 - 0 . 0 0 2 - 0 . 1 8 7 - 0 . 0 1 5 0 . 0 3 4 2 . 2 6 2
1 . 10 0 . 2 1 0 0 . 0 0 5 - 0 . 1 9 9 0 . 0 0 2 0 . 0 0 3 2 . 6 3 9
1 . 2 0 0 . 2 0 9 0 . 0 0 4 - 0  . 1 9 0 - 0 . 0 2 9 - 0 . 0 1 3  ■ 2 . 6 2 6
1 . 3 0  . 0 .  302 - 0 . 0 0 9 - 0 . 3 1 2 - 0 . 0 0 0 0 . 0 2 6 3 . 7 9 5
1 . 4 0 0 . 3 4 9 - 0 . 0 1 7 - 0 . 3 4 0 0 . 0 2 3 - 0 . 0 2 9 4 . 3 8 6
1 . 5 0 0 . 3 9 7 - 0 . 0 4 4 - 0 . 4 6 1 0 . 0 7 5 0 . 071 4 . 9 8 9
1 . 6 0 0 . 3 8 9 - 0 . 0 6 4 - 0 . 4 3 7 0 . 0 9 7 0 . 0 8 7 4 . 8 8 8
1 . 70 0 . 4 4 3 - 0 . 0 5 5 - 0 . 5 4 1 0 . 0 7 6 0 . 1 5 6 5 . 5 6 7
1 . 8 0 0 . 5 0 0 - 0 . 1 2 3 - 0 . 5 8 8 0 .  165 0 . 0 9 8 6 . 2 8 3
1 . 9 0 0 . 4 7 6 - 0 . 1 1 2 - 0 . 5 3 5 0 .  187 0 . 1 5 8 5 . 9 8 2
2 . 0 0 0 . 4 3 4 - 0 . 1 7 9 - 0 . 4 8 5 0 .  188 0 . 0 3 9 5 . 4 5 4

15 0 . 4 9 7 - 0 . 2 9 5 - 0 . 3 8 5 0 . 1 9 0 0 . 1 1 5 6 . 2 4 5
2 . 5 0 0 . 5 8 9 - 0 . 4 3 4 - 0 . 3 1 3 0 . 2 2 3 0 . 1 3 8 7 . 4 0 2

T a b l e  25
C o e f f i c i e n t s  A^ t n t h e  e x p a n s i o n  o f  cTCO^SA^P^(cosO)  

and t h e  t o t a l  r e a c t i o n  c r o s s  s e c t i o n  c f Qr  ^ L i ( 5 . 3 7 ) s t a t e

E3J He
(MeV)

Ao 

( m b / s r )

A1 

( m b / s r )

A2

( m b / s r )

A3 

( m b / s r )

a 4

( m b / s r )

<?r

(mb)
■UT9U " 1 U. 858 - 0 . U33 - 0 . 12b 0 . 0 0 6 - 0 . 0 1 4 " w : i v g
1 . 0 0 1 . 2 5 8 - 0 . 0 9 5 - 0 . 2 6 0 - 0 . 0 1 5 - 0 . 0 5 2 1 5 . 8 0 8
1 . 1 0 1 . 0 5 4 0 . 0 0 4 - 0 . 0 1 6 - 0 . 0 6 6 - 0 . 0 5 7 1 3 . 2 4 5
1 . 20 0 .  748 0 . 0 7 0 0 . 1 3 5 - 0 . 1 7 9 - 0 . 1 6 4 9 . 4 0 0
1 . 3 0 0 . 8 5 6 - 0 . 0 2 8 0 . 0 6 7 - 0 . 0 5 1 0 . 0 6 5 1 0 . 7 5 7
1 . 4 0 1 . 0 3 0 - 0 . 1 2 2 0 . 0 5 6 - 0 . 1 0 2 - 0 . 0 5 5 12.943*
1 . 5 0 1 . 0 1 6 - 0 . 1 8 1 0 . 0 4 2 0 . 0 2 9 0 . 0 7 6 1 2 . 7 6 7
1 . 60 0 . 9 3 4 - 0 . 1 9 5 - 0 . 0 3 3 - 0 . 0 2 3 0 . 1 0 9 1 1 . 7 3 7
1 . 7 0 1 . 0 9 2 - 0 . 2 8 7 0 . 1 4 5 - 0 . 0 9 4 0 . 041 1 3 . 7 2 2
1 . 8 0 1 . 2 1 4 - 0 . 3 9 0 0 . 2 2 9 - 0 . 0 7 0 - 0 . 2 0 7 1 5 . 2 5 6
1 . 90 1 . 1 1 3 - 0 . 3 2 4 0 . 2 8 2 0 . 0 6 5 - 0 . 1 5 4 1 3 . 9 8 6
2 . 0 0 1 . 167 - 0 . 3 1 2 0 . 6 5 0 - 0 . 2 4 8 0 . 3 0 5 1 4 . 6 6 5
2 . 1 5 1 . 5 2 7 - 0 . 2 8 5 0 . 9 2 1 - 0 . 1  79 0 . 6 6 6 1 9 . 1 8 9
2 . 5 0 1 . 3 4 3 - 0 . 1 9 6 0 . 2 3 7 - 0 . 1 1 2 0 . 8 2 6 1 6 . 8 7 7
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APPENDIX B

T a r g e t  T h i c k n e s s  and E n e r g y  B r o a d e n i n g s

The t h i c k n e s s  o f  t h e  7 Li  t a r g e t ,  w h i c h  h a s  t o  be  a 

maximum t o  m a x i m i z e  t h e  y i e l d ,  h a s  t o  be  c h o s e n  f r om t h e  

f o l l o w i n g  c o n s i d e r a t i o n s :

1.  The a mo u n t  o f  e n e r g y  l o s t  by  t h e  ^He beam i n  t r a v e l l i n g  

t h r o u g h  t h e  ? L i  t a r g e t  i s  c o m p a r a b l e  t o  t h e  r e s o l u t i o n  

d e s i r e d  i n  t h e  e x c i t a t i o n  f u n c t i o n  m e a s u r e m e n t .

2 .  The a moun t  o f  e n e r g y  l o s t  b y  t h e  o C - p a r t i d e s , t h e  p r ­

o t o n s  and  t h e  d e u t e r o n s  i n  t r a v e l l i n g  t h r o u g h  t h e  7 Li  

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

T a r g e t  t h i c k n e s s  o f  50 p g / c m 2 i s  t h u s  d e t e r m i n e d  f r om t h e  

a b o v e  c o n s i d e r a t i o n s .  The e n e r g y  l o s t  by  t h e  3He beam a t  

1 . 5  MeV i n  50 p g / c m 2 o f  7Li  i s  7 8  keV.

The e n e r g y  b r o a d e n i n g s  p r o d u c e d  by 7Li  t h i c k n e s s  o f  

50 p g / c m 2 i n  t h e  e n e r g i e s  o f  v a r i o u s  p a r t i c l e s  a r e  l i s t e d  

b e l o w  :

T a b l e 26

! P a r t i c l e  1
1 . .  _

| E n e r g y  * 
I (MeV) 1

E n e r g y  B r o a d e n i n g s  > 
(keV)  !

! <* 
i
\ d 
f

i p

1 ' 1
! 4.5-9.1 i 
1 1
! 1 .8-8.0 | 

( 1.0-3.0 |

95-42 . ! 

26-8 | 
12-4.5 |
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Table 27

S t o p p i n g  Power  f o r  t h e  V a r i o u s  D e t e c t o r s
[ U e t e c t o r  m i c k n e s s  
j (pm) (MeV)

u e u t e r o n
(MeV)

h r o t o n
(MeV)

I 300 2 4 . 4 8 . 1 6.  1

j 121 14 . 0 4 . 6 3 . 6

j 68
I

9 . 8 3 . 2 2 . 5

| 2 2 . 7 4 . 8 1 . 5 1 . 2  |

T a b l e  28

P r o t o n  Ene r gy  Los s  i n  C o u n t e r - T e l e s c o p e  D e t e c t o r
II
IE.  (MeV) 
I

j 1 . 0 | 2 . 0 j 2 . 5 j 4 . 0 j 5 . 0 i 6 . 0  I
|Ae ( 22 . 7pm)  1 • CO j . 59 ! .51 | . 36 ! *31 j . 27

|E ( 3 0 0 pm) | .14 | 1.41 ! 1-99 •no ! 4 . 6 9 ! 5 . 7 3

T a b l e  29
11
! En e r g y  L o s s e s  i n  V a r i o u s  F o i l s
11“1-------------- -- 1 -1
I P a r t i c l e s Energy(MeV) M y l a r ( k e V / p g / c m ^ ) A1( k e V / p g / c m ^ )

I 3h<w
i
I c£11
! dii
i p
i 6L i

0 . 7 - 1 . 6  

4 . 5 - 9 .  1 . 

1 . 8 - 8 . 0  

1 . 0 - 3 . 0  

6 . 0 - 9 . 0

2 . 1 1 - 1 . 7 2  

0 . 9 8 - 0 . 5 6  

0 . 6 0 - 0 . 1 7 6  

0 . 2 7 4 - 0 . 0 9 8  

1 . 946- 1  . 447

1 . 2 6 - 0 . 9 7  

0 . 6 4 - 0 . 4 1  

0 . 3 7 2 - 0 . 1 3 4  

0 . 1 7 4 - 0 . 0 7 4  

1 . 2 3 6 - 0 . 9 9 9  '

S o l i d  An g l e s  o f  The D e t e c t o r
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The s o l i d  a n g l e s  o f  t h e  d e t e c t o r s  h a v e  t o  be  c h o s e n  

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

o f  t h e  a l p h a s ,  p r o t o n s ,  and t h e  d e u t e r o n s  a r e  o f  t h e  s ame  

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

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

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

r a t e s .

The k i n e m a t i c  b r o a d e n i n g s  a t  b o m b a r d i n g  e n e r g y  o f

2 . 0  MeV h a v e  b e e n  c a l c u l a t e d  u s i n g  t h e  c o m p u t e r  p r o g r a m f o r  

t h e  k i n e m a t i c s .  A l l  t h e  r e l e v a n t  q u a n t i t i e s  and t h e  

c o r r e s p o n d i n g  s o l i d  a n g l e s  a r e  l i s t e d  a s  f o l l o w s  :

T a b l e  30

“ I —'
1
| K i n e m a t i c
1
I

B r o a d e n i n g s  a t  3He b o m b a r d i n g  e n e r g y  o f  2 . 0  MeV

1 E x c i t e d P a r t i c l e C a l c u l a t e d Max. S o l i d  An­
I S t a t e D e t e c t e d K i n e m a t i c K i n e m a t i c g l e  Sub­
1 B r o a d e n i n g B r o a d e n i n g t e n d e d  by
1
t D e s i r e d D e t e c t o r
t
1
1 d 50 ke V/ De g 150 keV 2 . 1 5  msr
* 2 . 1 8
1
1
1

d 48 k e V/ De g 150 keV 2 . 3 4  msr
1
1
1 c £ 46 ke V/ De g 150 keV 2 . 5 4  msr
i 4 . 5 71
i d 36 ke V/ Deg 150 keV 4 . 1 5  msr
1
1
1 d 43 ke V/ De g 150 keV 2 . 9 1  msr 1

5 . 3 7
\1

I
1 p 31 ke V/ De g 150 keV 5.  60 msr I 

1

i 2 . 9 4  
1 d 37 ke V/ De g

1
1
I

j 1 1 . 4 d 16 ke V/ De g •
1

1

* apperture size 1/4" X 1/8"
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Counting Rates

R

A l l  t h e  c o u n t i n g  r a t e s  R w i l l  be  c a l c u l a t e d  u s i n g  t h e  f o l ­

l o w i n g  e x p r e s s i o n  :

^ s i n g l e s  = ( n o .  o f  p r o j e c t i l e s / s e c ) x ( n o . o f  t a r g e t  a t o m s
cl (5*

i n  t h e  t o t a l  t h i c k n e s s / a r e a ) x (  ) x d £
dfl

c o i n c  = ( n o .  o f  p r o j e c t i l e s / s e c ) x ( n o . o f  t a r g e t  a t o m s

i n  t h e  t o t a l  t h i c k n e s s / a r e a )  x ( -------------- ) xdU-ixdO?
d&1 dfl2

w h e r e  1 and  2 r e f e r s  t o  t h e  p a r t i c l e s  b e i n g  d e t e c t e d  i n  c o i n ­

c i d e n c e .  A l l  t h e  d e t e c t o r s  a r e  a s s u me d  t o  h a v e  100% e f f i c i e n c y .

^ r a n d o m c o i n c  = 2 x Rs i ng i e s  -j x ^ s i n g l e s  2 x ^  

h e r e  A p  i s  t h e  r e s o l u t i o n  t i m e  o f  t h e  e l e c t r o n i c s .

V a r i o u s  c o u n t i n g  r a t e s  a r e  c a l c u l a t e d  a s  f o l l o w s  :

I n  a l l  t h e  f o l l o w i n g  c a l c u l a t i o n s

1.  t a r g e t  t h i c k n e s s  = 50 pg / c m^

2 .  beam c u r r e n t  = 100 nA

3.  t i m e  r e s o l u t i o n  = 10 ns

d - | - d e t e c t o r  s o l i d  a n g l e  = 2 . 4  msr

5 .  ^ 2 - d e t e c t o r  s o l i d  a n g l e  = 2 . 6  msr

Fo r  e l a s t i c a l l y  s c a t t e r e d  3He
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No c r o s s  s e c t i o n s  a r e  a v a i l a b l e  i n  t h e  e n e r g y  r e g i o n  b e i n g  

s t u d i e d  i n  t h e  l i t e r a t u r e .  An e s t i m a t e  v a l u e  u s i n g  R u t h e r f o r d  

s c a t t e r i n g  c r o s s  s e c t i o n  g i v e s  (dcr /df i )p -  4600 m b / s r  a t  ^He bom­

b a r d i n g  e n e r g y  1 . 5 0  MeV and a n g l e  o f  3 0 ° .  A c c o r d i n g l y ,

R = 29440  c t s / s e c

For  t h e  s t u d y  o f  t h e  s e q u e n t i a l  p r o c e s s  i n  t h e  ? L i ( ^He ,c£̂  d ) d 2  and 

t h e  7L i ( 3 H e , d p ) 5H e r e a c t i o n s  :

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  f o r  c£ (5 . 37)  can  b e  o b t a i n e d  

f rom a p r e l i m i n a r y  r u n  w i t h  a v a l u e  o f  2 . 8  m b / s r  a t  1 . 4  MeV and

30O,  jro r  p r o t o n  an e s t i m a t i o n  o f  1 m b / s r  a v e r a g e  c an  b e  e x t r a c t e d

f rom R e f . 42.  A c c o r d i n g l y ,

Rd s i n g l e s  = 1 7 . 9  c t s / s e c  

Rp s i n g l e s  = 7 c t s / s e c  

^ r andom c o i n c  = 0 . 0 0 0 0 0 1 4  c t s / s e c  

Rd - d  c o i n  = 0 . 0 1 9  c t s / s e c

Rd - p  c o i n  = 0 . 0 0 4  c t s / s e c
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APPENDIX C

Summary o f  E q u a t i o n s  Used i n  Da t a  A n a l y s i s

& £I .  P h a s e  S p a c e  D i s t r i b u t i o n s  f o r  ° L i  — > c£ + p + n

( 1 )  I n  t h e  ^ L i *  r e s t  f r a m e ,  t h e  p h a s e  s p a c e  d i s t r i b u t i o n  f o r  

cf p a r t i c l e s  i s  g i v e n  b y :

d2 Wu "cm *

w h e r e  E^ » i S t h e  e n e r g y  o f  t h e  o C - p a r t i c l e  i n  t h e  ^ L i *  r e s t  

f rameCCM) and Q i s  t h e  Q - v a l u e  f o r  t h e  d e c a y .  I f  t h i s  d i s ­

t r i b u t i o n  i s  n o r m a l i z e d  t o  u n i t y  f o r  t h e  d e c a y  p r o b a b i l i t y ,  

t h e n

Q

^ ~d V dV dV  = '",Co( £  [E(f. (Q /3 -E (<' ) ] 1 / 2 dEc(

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

C 18
< " tt2 Q2

( 2 )  The  t r a n s f o r m a t i o n  f r om CM t o  LAB r e f e r e n c e  f r a m e  i s  o b ­

t a i n e d  by me a n s  o f  t h e  J a c o b i a n C s e e  p . 32 o f  t e x t ) ;

d E q ( 1 d O { ^  * s i n O *  E q + E ^ — *

dE^do* = -mrer =

wh e r e  Eq = (m^/ mR) ER and Er i s  t h e  LAB e n e r g y  o f  t h e  ^ L i *



r e c o i l .

Using the relation:

-  2 ( E o Ec( ) 1 / 2 c o s 0  + E0

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

d i s t r i b u t i o n  i n  t h e  LAB r e f e r e n c e  f r a m e :

w h e r e  z=cos © and Q i s  t h e  LAB a n g l e  o f  t h e  o C - p a r t i c l e  r e l a -

t i v e  t o  t h e  ° L i  r e c o i l  d i r e c t i i o n ;  i s  t h e  LAB e n e r g y  o f

t h e  c £ - p a r t i c l e .

( 3 )  F o r  f i x e d  z ,  t h e  i n t e g r a t e d  y i e l d  o f  t h e  a b o v e  p h a s e

s p a c e  d i s t r i b u t i o n  i s  g i v e n  b y :

Ec(max,i2wT AD h Q ,

p *  * -TTtQ/3- t 0 ( M 2 >lW /3-E 0 ( n , 2 > ]
dCmin Q “

wh e r e  ^Eo[min^ 1 ^  ~ — ^ Q / 3 - ( 1 - z 2 )Eq ] 1 / 2

( 4 )  I n  t h e  ° L i  r e s t  f r a m e ,  t h e  p h a s e  s p a c e  d i s t r i b u t i o n  f o r  

p r o t o n s  i s  g i v e n  b y :

d2wcm 1 /o
dEp* dDp ' " C p t E p ' ^ Q / 6 - E p ’ ) ]

w h e r e ,  f o r  n o r m a l i z a t i o n  t o  u n i t y ,
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C = — I ?
^ 2 5 n 2Q2

( 5 )  I n  t h e  LAB r e f e r e n c e  f r a m e ,

i2W,
dEpdOp = Cp [ E p ( 5 Q /6 - E 0 -E p+2 ( E 0 E p )1 / 2 z ) ] 1 /2

w h e r e  Eq = (mp / mR) ER.

I I .  D i s t r i b u t i o n  f o r  s e q u e n t i a l  De ca y  

( f o l l o w i n g  M o r i n i g o ,  R e f . 45)

6 L i *  > 5 n e  + p

I > <( + n

( g2 + u 2- 2 u g z )

w h e r e  g i s  t h e  LAB v e l o c i t y  o f  t h e  < f - p a r t i c l e ,  u i s  t h e  LAB 

v e l o c i t y  o f  t h e  DL i  r e c o i l ,  and z = c o s 9  w i t h  9 m e a s u r e d  r e ­

l a t i v e  t o  t h e  ^ L i *  r e c o i l  d i r e c t i o n .

I n  t e r m s  o f  LAB e n e r g i e s ,

d2WLAB _c
dfit(dO(( ■ md [Ec(h.E0 -2< E 0 Ec( ) 1 / 2 2_

1 / 2

( 2 )  I f  t h e  a b o v e  d i s t r i b u t i o n  i s  n o r m a l i z e d  t o  u n i t y ,  t h e n

1 = 2 , 2 dgdz?nc^r— ... B w -  = 2 n c i
( g 2 + u 2 - 2 u g z ) 1^2

T h e r e f o r e ,  C = ^JLj. wh e r e  t h e  i n t e g r a l  I  i s  g i v e n  by  t h e  f o l -
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lowing expression:

2 2 
I  = ( w + v ) 2  [ k  ( b - a ) + i ^ - l l n ( ^ ^ L )  ] - 2 w v - ( w - v )  2 lV ' ln ( l w >

+u2 [ 1 -  1 -  b l n ( i > + B ^ l n ( j 2 E . ) - c £ j - l n ( j i . ) ]
2 p  2 d ?  p  F  2 p 3  2 c ( 3

where * = w£v. P = T7̂ V (W>V>

a = ( 1 - 1 / c ( 2 ) 1 / 2 , b = ( 1 - 1 / p 2 ) 1 / 2 > k = [ 1 - ( d / j B ) 2 ] 1 / 2

and u i s  t h e  LAB v e l o c i t y  o f  ^ L i* ,  v i s  t h e  v e l o c i t y  o f  ^He 

in  t h e  ^Li*  r e s t  f r a m e ,  w i s  t h e  v e l o c i t y  o f  c£ in  t h e  

r e s t  f rame Csee  F i g . 5 o f  t e x t ) .
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