Extended constrained-search theory and its applications
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The pair density (PD) functional theory has recently attracted particular interest because it
provides the obvious way to improve on the density functional theory (DFT) [1-9]. Ziesche first
proposed the PD functional theory about a decade ago [1,2], and then many workers followed his
work and have developed a variety of approaches [3-9].

Very recently, we have proposed an approximate scheme for calculating the PD on the basis of the
extended constrained-search theory [10-14]. By introducing a noninteracting reference system
[10,11], the resultant PD corresponds to the best solution within the set of PDs that are constructed
from a single Slater determinant (SSD). This PD functional theory has two kinds of merit. The
first is that the reproduced PD is necessarily N-representable. This is a strong merit because the
necessary and sufficient conditions for the N-representable PD are not yet known exactly. The
second merit is the tractable form of the Kinetic energy functional. The kinetic energy functional
cannot exactly be written by using the PD alone. Some approximation is required. In this theory,
we have successfully given an approximate form of the kinetic energy functional with the aid of
the coordinate scaling of electrons [10].

On the other hand, a significant problem remains in that approach [10]; namely, there exists the
possibility that the solution might be far from the correct value of the ground-state PD. This is
because the search region of the PDs may be smaller than the set of N-representable PDs. In
order to improve the PD functional theory, we have to extend the search region of the PDs to the
set of N-representable PDs as closely as possible.

In this paper, we present a density functional scheme for calculating the PD by means of the
correlated wave function.[15] The Jastrow wave function is adopted as the correlated wave
function. By using the lowest-order approximation to the Jastrow wave function PDs, the search
region for the ground-state PD is substantially extended as compared with our previous theory [10,
11]. The variational principle results in the simultaneous equations that are practicable to
calculate the ground-state PD [15].
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