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The (h. t) react ion can be dominated by the formation of al'l in termediate  a lpha-par t ic le  c luster .  
This p roce s s  accounts for the relat ively large c ross  sect ions for high spin t r ans fe r  and t h e L =  1 
shape of some 0 + ~ 0  + t rans i t ions .  

T h e  g e n e r a l  a s s u m p t i o n  fo r  the  (h, t) r e a c t i o n  
m e c h a n i s m  i s  t ha t  t he  r e a c t i o n  p r o c e e d s  t h r o u g h  
t he  c h a r g e - e x c h a n g e  p a r t  of the  t w o - b o d y  nu-  
c l e o n - n u c l e o n  i n t e r a c t i o n  [1]. H o w e v e r ,  s e r i o u s  
d i s c r e p a n c i e s  [2,3] h a v e  b e e n  s e e n  when  c o m p a r -  
ing  the  p r e d i c t i o n s  of t h i s  m o d e l  wi th  e x p e r i m e n t .  
T h e  c a l c u l a t e d  [2] c r o s s  s e c t i o n s  a r e  too w e a k  
by f a c t o r s  f r o m  2 to 500,  t he  d i f f e r e n c e  i n c r e a s -  
ing  a l m o s t  e x p o n e n t i a l l y  w i th  i n c r e a s i n g  sp in  
t r a n s f e r .  The  m o s t  s t r i k i n g  d i s c r e p a n c y  i s  the  
b r e a k d o w n  of c o m m o n l y  a c c e p t e d  s e l e c t i o n  r u l e s  
f o r  i n e l a s t i c  o r  q u a s i - i n e l a s t i c  s c a t t e r i n g :  
H i n r i e h s  et al .  [3] o b s e r v e d  an L = 1 s h a p e  in-  
s t e a d  of k 0 fo r  s o m e  0 + ~  0 + t r a n s i t i o n s  to 
a n t i a n a l o g u e  s t a t e s .  

As  p r o p o s e d  e a r l i e r  [4] t h e s e  r e a c t i o n s  s h o u l d  
b e  d e s c r i b e d  by an  a d d i t i o n a l  m e c h a n i s m  w h i c h  
i s  the  p i ckup  of a p a r t i c l e ,  f o r m i n g  an i n t e r m e -  
d i a t e  a l p h a  c l u s t e r ,  f o l l o w e d  by s t r i p p i n g .  In 
s e c o n d  o r d e r  p e r t u r b a t i o n  t h e o r y ,  t he  c o r r e -  
s p o n d i n g  t r a n s i t i o n  m a t r i x  i s :  

T (2) = l ~ f d k  ~ ( t ( - ) n * l v i a 6 4 - 1 ) n )  
(27)3 n ' 

0 )  

× EnA-11 i¢ ( a 6 4  - 1) n iV]h(+)A)  E -  - E a +  

w h e r e  A and  64 - 1) n d e n o t e  the  n u c l e a r  s t a t e s  
w i t h A  a n d A -  1 p a r t i c l e s ,  and  t, h, and  a de -  
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no te  the  i n t e r n a l  and  o p t i c a l  w a v e f u n c t i o n s  of the  
p r o j e c t i l e .  If in a d d i t i o n  we a s s u m e  t h a t  a l l  t he  
s t a t e s  64 - 1) n c o n t a i n i n g  l a r g e  c o m p o n e n t s  of a 
ho le  in the  j - s h e l l  c o u p l e d  to A h a v e  abou t  the  
s a m e  e n e r g y  F, An-1 , T~ 2) b e c o m e s :  

T (2 )  = Do2 JJ'~(A* !a;,ajiA)(t(-)~gj, IGIh(+)~oj) (2) 

w h e r e  G is  the  a - p a r t i c l e  G r e e n  func t i on ,  and  
D o i s  the  o n e - p a r t i c l e  t r a n s f e r  s t r e n g t h  [5]. 

It m a y  be  s e e n  f r o m  eq. (2) t ha t  the  s e c o n d  
o r d e r  (ha ) ,  (a t )  p r o c e s s  i s  s e n s i t i v e  to e x a c t l y  
the  s a m e  c o r r e l a t i o n s  b e t w e e n  the  g r o u n d  and  
e x c i t e d  s t a t e s  as  the  d i r e c t  (h , t )  p r o c e s s ,  and  
m a y  t h e r e f o r e  be  e x p e c t e d  e a c h  t i m e  a d i r e c t  
(h , t )  t r a n s i t i o n  o c c u r s .  H o w e v e r ,  t he  e f f e c t i v e  
interaction, DiG , has anonlocality characteris- 
tic of the alpha propagation, which is much 
longer than the nonlocality inherent in the two- 
body interaction. Similar arguments could be 
used in favor of the formation of an intermediate 
deuteron. However, the coupling constant D o is 
substantially smaller in this case. We neglected 
the (hd), (dt) process in the computation below, 
although further investigations in this direction 
are planned. 

To understand the origin of the L - I angular 
distribution to antianalogue states, consider the 
t r a n s i t i o n  d e n s i t y  fo r  e x c i t i n g  the  a n a l o g u e  s t a t e  
(IAS) and  the  a n t i a n a l o g u e  s t a t e  (AAS) f r o m  the  
p a r e n t  g r o u n d  s t a t e .  I n 4 0 A r ,  t h e s e  two s t a t e s  
a r e  d e s c r i b e d  as  [ d ~  2 @91T-2 and[d32, 2 f2 '9] r 1, 

• ~ - ' / '  7 / ~  
r e s p e c t t v e l y .  Two s i n g l e - p a r t i c l e  t r a n s i h o n  den -  
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sities contribute to the transition, f7/2 ~f7/2 and 
d3/2 -~d3/2. These are expressed in LS coupling 
as follows, 

Ol~ ( r l ) 6 I j  ( r 2 )  = { ( ( / ~ ) J ( l  ½)JIoo}F(R)f(r) + 
(3) 

' J ' J rxt~)'SG(R)g(r)} +((l~) (l~) i(ll)°)( 

where r = r I-*.2 andR = ½(r l+r2)  , and the oper- 
ator S m transfers  spin (l, m) from particle 2 to 
particle I. At small r, the two single-particle 
transition densities have a coherence in the first  
term for the IAS. This is obvious, since the 
transRion density of the T-operator is concen- 
trated at r = 0 Thus the IAS transition density 
closely corresponds to L= 0, S = 0, J =  0 trans- 
fer. The second term corresponds to an 2L = I, 
S = i,  J =  0 excitation and is the only one left in 
the AAS transition density, due to the interfer- 
ence of the f7/2 and d3/2. However, this term re-  
quires nonzero r and therefore a nonlocal opera- 
tor to induce the transition. 

The order of magnitude of the two step proc- 
ess can be estimated from the size of the (h, o/) 
c ross  section [7]. From the optical theorem, 
this cross section is related to the two-step 
scattering amplitude at 0 °. This estimate leads 
to a c r o s s  section of several #b /s r .  Other proc- 
esses  involving a nonlocal effective interaction 
can also lead to an L = I shape for the AAS. Ex- 
change effects have been considered [8], but give 
small contributions. 

In fig. 1 we show the result of some calcula- 
tions of 40Ar(h, t)40K in the plane wave approxi- 
mation with a cutoff ofR = 1.4A 1/3, and zero 
range interactions. The simple one-step calcu- 
lation with distorted waves and a finite range 
interaction leads to L = 0 angular distributions 
fo r  b o t h  s t a t e s  wi th  a r a t i o  CrAAS/'CrIA S ~ 1 / 1 0 0 .  
'The d a s h e d  l i ne  in  the  f i g u r e  s h o w s  the  cu tof f  
p l a n e  wave  c a l c u l a t i o n  of the  one  s t ep  p r o c e s s  
w i th  the  d3/2  ~ d 3 / 2  t r a n s i t i o n  o p e r a t o r  a d j u s t e d  
to g ive  the  s a m e  r a t i o  of c r o s s  s e c t i o n s .  In the  
c u r v e s  s h o w n  by the  so l i d  l i ne ,  we h a v e  added  
the  c o n t r i b u t i o n  of T (2), u s i n g  D o = 43 M e V -  
fm3/2 .  T h i s  v a l u e  w as  c h o s e n  to r e p r o d u c e  the  
e x p e r i m e n t a l  r a t i o  of CrAAS/~IA S ~ 1/10, and i s  
c o n s i d e r a b l y  s m a l l e r  t han  the  v a l u e  r e q u i r e d  in 
d i s t o r t e d  wave  c a l c u l a t i o n s .  T h i s  i s  to be  ex -  
p e c t e d ,  s i n c e  o u r  c a l c u l a t i o n  h a s  a no o p t i c a l  
a b s o r p t i o n .  T h e  c a l c u l a t i o n  s h o w s  t h a t  the  IAS 
is  h a r d l y  a f f e c t e d  at  a l l  by the  t w o - s t e p  m e c h a -  
n i s m ,  and tha t  the  AAS h a s  the  e m p i r i c a l  L = 1 
s h a p e .  

A n o t h e r  d i s c r e p a n c y  e x p l a i n e d  by the  (ho/), 
(o/t) p r o c e s s  a r e  t k  q b n o r m a l l y  s t r o n g  c r o s s -  
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Fig. I. Comparison of the usual [i] one-step calcula- 
tion (dashed line) for the (h, t) reaction with the full 
calculation including the (ho/), (o/t) contribution (full 

line). 

sections for high spin transfer J. The ratio eL(do 
for the f7/2 -~ f7/2 transition of 48Ca(h, t) 48Se. 
taken at the first maximum is seen experimen- 
tally [6] to decrease (table 1) by a factor of 4, 
whereas the one step (h, t) calculation predicts 
a decrease by two orders of magnitude. The 
(ho/), (o/t) process entirely dominates for these 
high spin transfers (the 0 + cross-section is al- 
most not changed, as for the IAS on fig. 1) and 
leads to the needed increase for the 4 + and 6 + 
excitations (table I). The strength D O used in 
this calculation is the same as used previously. 
For the f7/9 ~ f7/2 transitions to unnatural pari- 
ty states in~48Sc, the (ha), (o/t) contribution is 
still too strong and further investigations have 
to be done. 

We have shown that the (h,t) reactions pro- 
ceeds in most cases via an intermediate O/-par- 
ticle. This process can be expected to be as im- 
portant for (h, h') and(t,t') scattering, and is 
presumably the explanation of the L = 1 shape 
seen in the excitation of the second 0 + state in 
90Zr by (tt') scattering (the cancellation of the 
g9/2 and Pl/2 proton transitions suppress the 
L = 0 excitation). An interesting experiment 
would be the (h, h') scattering to the same state. 
According to our model, it should lead to an 
L = 0 shape since the L = I transition can only 
be due to an intermediate deuteron (helions ex- 
citing protons cannot cluster into O/-particles). 
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Tab le  1 
Rat io  of the  c r o s s - s e c t i o n s  for  the  fv / ~  ~ f7 / 9  t r a n s i -  

t ion 48Ca(h , t )  48Sc at  the  firs}(maxim~u~n. 

O'j/(~ o 0 + 4 + 6 + 

(h, t)  1 0.05 0.01 
(h, t)  

+ 1 0.7 0.5 
(h,c~) (e~,t) 
Exp.  i 0.5 0.25 

i) for  the  d i r e c t  (h,t)  p r o c e s s  with a 1.4 fm  Yukawa 
i n t e r a c t i o n  

ii) for  the  full  c a l cu l a t i on  inc lud ing  the  (hc~), (oft) c o n -  
t r i bu t i on  

ilL) for  the  e x p e r i m e n t a l  c r o s s  s e c t i o n s  of B r u g e  et al .  
[GI. 

T h e  i m p o r t a n c e  of  s u c h  s t r i p p i n g  a n d  p i c k - u p  
p r o c e s s e s  s h o u l d  a l s o  b e  s t u d i e d  f o r  (p, p '  ), 
(p, n) a s  w e l l  a s  f o r  t wo  p a r t i c l e  t r a n s f e r  r e a c -  

t i o n s  w h e r e  f o r  i n s t a n c e  (c~ h) ,  (hd)  c a n  c o m p e t e  
w i t h  t h e  d i r e c t  (c~, d) p r o c e s s  
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