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ABSTRACT 
Anomalous absorption of light ion partial waves by the nuclear optical potential 

is an interesting phenomenon showing striking systematic in various parameter planes. 
However, the theoretical description of this phenomenon is extremely difficult. In this 
contribution, we address the problem of its physical interpretation. It is shown that the 
zero of the S-matrix element associated with the anomalous absorption of a partial 
wave is due to the destructive interference of the reflected waves, from the innermost 
turning point and the outermost turning point, in the asymptotic region when WKB 
approximation is feasible.  
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INTRODUCTION 

Anomalous absorption of partial waves by the nuclear optical potential is an 
interesting phenomenon since the zero corresponding to anomalous absorption of 
partial wave is due to positive energy. This phenomenon was first discovered in case of 
elastic scattering of neutrons on composite nuclei (Kawai  & Iseri, 1985; Iseri & 
Kawai, 1986) and it has been found (Piyadasa, 1986) that the phenomenon is universal 
for light ion elastic scattering on composite nuclei. It has been found that, in case of 
light ion elastic scattering on composite nuclei, the S-matrix element becomes so small 
that it does contribute to the differential cross-section as S-matrix element were zero. 
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This occurs for a special combination of energy (E), angular momentum ( l ), total 
angular momentum )( j  and the composite target nuclei (A). Complete theoretical 

description of this phenomenon is extremely difficult. However, we have found that 
the physical interpretation of this phenomenon can be done using WKB approximation 
corresponding to three turning points (Brink & Takigawa, 1976). We have found that 
the zero of the S-matrix element corresponding to a partial wave of angular momentum 
( l ) is due to the destructive interference of the reflected waves due to the innermost 

turning point and the outermost turning point in the asymptotic region. This 
interpretation is justified theoretically with the supporting numerical results in the 
following sections. 

 

MATERIALS AND METHODS 
We use the method of semi-classical approximation, well known as WKB 

approximation, to justify our claim that the anomalous absorption of a partial wave is 
due to the destructive interference of reflected waves in the asymptotic region. A 
formula for semi-classical elastic -matrix element has been derived by Brink & 
Takigawa (1976) for a potential having three turning points with a barrier. If jlS  

denotes the -matrix element corresponding to angular momentum  and total angular 
momentum , jlS  is given by 
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In particular ,  are action integrals corresponding to the turning 
points  due to the potential barrier and turning points  ),( 32 rr , where  is the 

inner most turning point and  is the turning point between and . 

If 2

2
h

Eμκ =  is the incident wave number associated with the projectile light ion, it 

can be shown that (Piyadasa  & Mallawa Arachchi,  2005) 
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if . From (2), one obtain, at once 
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which  is a necessary and sufficient condition for the semi-classical -matrix element 
to be zero. Obviously,  means the absence of an outgoing wave since the 
asymptotic wave boundary condition for the corresponding partial wave  is 

given by 

 
where  and  stand for the incoming and outgoing Coulomb wave functions 

respectively. In case of a bound state due to a real potential with two turning 
points , it is well known that  

                                                                                           (4) 

where  is the momentum and  is the number of nodes of the wave function 
within . We claimed (Piyadasa & Mallawa Arachchi, 2005) that the zero of 
semi-classical -matrix element satisfies the condition that 
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and then 
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This can be understood by the expression 
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if one assumes that  and , which are reasonable assumptions if the 
three-point WKB approximation is feasible. Then the -matrix becomes 
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where  and   stand for the amplitude of the reflected wave due to the external 

turning point and the amplitude of the reflected wave due to the inner most turning 
point respectively. Then it is clear that   is due to the fact that the 

destructive  interference of reflected waves in the asymptotic region. In particular, if  
  , it follow from (8) that 
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which is the well known Bohr-Sommerfeld quantum rule. 
 

RESULTS 
We have found that the partial wave  is almost completely absorbed in case of 

He4  elastic scattering on   Ca40    at the centre of mass energy of 25.72 MeV. 
Turning points corresponding to  are 

 

 
37.52 23 −= ee Si      

If should be noted that the calculation is carried out using Mathematica and we 
have approximated  the coulomb potential by an analytic function of r which agree 
with the exact coulomb potential only ninety five percent. Even then the above 
numerical results clearly manifest the fairness of our assumptions. The following 
figure, corresponding to  CaHe 404 +   elastic scattering at the centre of mass energy 

of 25.72 MeV.   
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 In the figure lju  denotes the modulus of the partial wave function absorbed by 

the nuclear optical potential, which does not oscillate in the asymptotic region since the 
outgoing part of the wave is absent. The reflected waves at the innermost and at the 
outermost turning points are in the destructive interference in the asymptotic region 
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and this is shown schematically in the figure. E  denotes the centre of mass energy of 
the He4  projectile. 

 
DISCUSSION 

Theoretical description of all features of the anomalous absorption of partial 
waves by the nuclear optical potential seems extremely difficult. However, its physical 
meaning is now clear, at the same time that the number of nodes, of an absorbed partial 
wave, inside the potential has a relation to the systematic in the  plane, 
where  is the well known closest approach, such that all partial waves of the same 

node lie on the same straight line in ),( 3
1

ARC  plane. This point also may be 

understood. 
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