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It is well known that variational methods produce one-electron radial functions that
minimise the total energy of the system. By tailoring the configuration expansion we are
able to target a specific correlation effect. The multiconfiguration Hartree-Fock [1]
method (MCHF) is used to produce independent variational pair-correlation functions
(PCFs) each one representing the correlation for a given electron pair. These
nonorthogonal PCFs are coupled to each other through the small size, associated
generalised eigenvalue problem. The Hamiltonian and overlap matrices are produced
using biorthonormal orbital transformations and efficient counter-transformation of the
configuration interaction eigenvectors [2]. The complete many-electron wave function,
in the PCF basis, is then tested through different sensitive electronic properties
computed using the same biorthonormal algorithm.
Using this methodology we describe the lowest 1S, 1Po, 3Po states of the beryllium atom.
We show that the energy convergence is faster for our pair correlation function
interaction method (PCFI) than with the usual SD-MR-MCHF scheme. The resulting
wave function is tested with the expectation value of the specific mass shift operator,
the hyperfine structure parameters and with the transition probabilities. These properties
illustrate the importance of keeping a representation with enough variational degrees of
freedom.
Beryllium atom constitutes a perfect benchmark for the PCFI method since it is possible
to saturate a common orthonormal basis for complete active space expansions. On
contrary for larger systems, it is hopeless to describe the electron correlation in the
entire space by optimising a common orthonormal basis. The PCF calculation offers a
good alternative for these. This methodology could also be used for coupling different
and independently optimised physical states with their own representation. The present
study fits in the framework of contemporary developments of the ATSP2K and
GRASP2K packages [1,3].
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