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Influence of a-cluster formation on a decay
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Dependence of a-cluster and pp and nn. cluster formation on high-lying configurations (con-

tinuum) in nuclei is studied. Its importance for a-decay calculations is discussed.
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The understanding of nucleon clustering in nuclei
is one of the standing problems in nuclear theory.
Especially in e decay and O.-transfer reactions the for-
mation of the a particle in the mother (or residual)
nucleus is crucial for the correct description of these
processes. Since these clusters are formed at the
surface of the nucleus or beyond it, a microscopic
description of them requires the inclusion of the con-
tinuum part of the single-particle spectrum. There-
fore the solution even of the most simple problems
(e.g. , when the mother nucleus is frozen and only
very few degrees of freedom are relevant) becomes a
difficult undertaking.

In order to analyze this problem one has first to
define the concept of clustering more precisely. The
mere presence of the central field induced by the
core tends to produce a clustering of the surface nu-
cleons towards the center of the nucleus. Thus two
particles with center of mass at a fixed distance from
the nucleus center ~ould have a relative wave func-
tion with a maximum at vanishing distance between

them. This feature stems simply from the fact that
the single-particle wave function of each particle di-
minishes exponentially with the distance from the
center of the nucleus. In other words, these nu-
cleons tend to approach the center of the nucleus and
therefore also to approach each other. Such a clus-
tering, which takes place even without any interaction
among the clustering nucleons, is not the one in
which we are interested in 0. decay or similar
processes. In our understanding a "real" clustering
occurs when the probability amplitude of the cluster
becomes larger as the particles approach each other
moving on the surface of a sphere centered at the
nucleus center. Within this definition the central
field does not produce any clustering, since the am-
plitude probability of a "cluster" of noninteracting
particles would not depend upon the distances
between these particles.

The most simple cluster we can consider is a pair
of nucleons. Let us consider a wave function of two
identical particles outside a magic core
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where we consider only the singlet (S=0) com-
ponent of the wave function. The coordinates of the
particies are r i and r 2, R (r) is the radial wave func-
tion, Xis the two-particle wave function amplitude,
and the rest of the notation is standard. The summa-
tion over p and q corresponds to the different two-

particle configurations.
The calculation of Xmay be done as usual by using

I

the shell-model representation with a given nucleon-
nucleon interaction. ' In fact, as pointed out above,
we should also include the continuum part of the
representation. But in order to see the influence of
high-lying single-particle states, we use the Bayman
procedure' of binding the independent particle with

2 of the pairing binding energy in a Wood-Saxon po-
tential. This method was used in Ref. 3 to analyze
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