
Localization properties of quantum correlations in nuclei

R.-D. Lasseri,1 J.-P. Ebran,2 E. Khan,1 N. Sandulescu,3 and D. Vretenar4
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Correlations play a major part for nuclear structure.
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I. INTRODUCTION

To describe in an accurate way any fermionic sys-
tem in interaction one have to take into account cor-
relations. Nuclear system makes no exception and the
impact of two-body correlations, namely pairing, have
shown all its importance since Bohr Mottelson and Pines
[1]. To describe this phenomenon several theoretical tech-
niques have been developped from the Bardeen Cooper
and Schrieffer ansatz, [2] to the more advanced Bogoli-
ubov transformations[3]. The principle is to explicitely
allow two fermions to form a quasi-bosonic pair. These
fermions will be correlated in momentum space. For ex-

ample for two spin-
1

2
particles the usual BCS ansatz may

be written.
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This equation translate the fact that a Cooper pair is
composed of two fermions of opposite spin and of oppo-
site momenta. This picture do not give direct informa-
tion on the spatial properties of the pair. Several studies
has been conducted on this purpose in infinite matter [4]
and in the nuclei [5]. A systematic analysis of the spa-
tial properties of the pair is an important challenge to
get a deeper understanding of the correlated substruc-
tures on the nucleus as clusters [6] or neutron-proton
dimers which may have important experimental conse-
quences [7]. These elements motivate a systematic study

of those spatial properties.

II. SPATIAL PROPERTIES

In order to keep the explicit covariance of our theory
one shall define a pair-density in the most general way.
An usual prescription will be

ρ̂pair(~r1, ~r2) = 〈~r1, ~r2|ρ̂pair〉 = N
∑
i,j

ψ̄τi
ī

(~r1)γ5ψ
τj
j (~r2)

(2)
Where the ψτ is a Dirac spinor, describing a nucleon of
isospin τ represented in configuration space. The sub-
script label the state of
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