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Advancing the Scope of Natural Orbital Functional
Theory

Natural Orbital FunctionalTheory [1,2] has emerged as a transformative framework for studying strongly cor-
related electronic systems, achieving an exceptional balance between accuracy and computational efficiency.
Recent advancements have significantly broadened its applicability, driving breakthroughs in the analysis of
large-scale systems, direct-dynamics simulations of chemical reactions, excited states, and quantum comput-
ing integration via the one-particle reduced density matrix (RDM).

This presentation will highlight an innovative optimization strategy that accelerates NOF calculations for
large systems, enabling the study of unprecedentedly complex phenomena, such as the dissociation of a 1000-
electron hydrogen cluster [3]. The discussion will also delve into insights from direct-dynamics simulations
[4], supported by GNOF [5] calculations of the electronic structure, to analyze the making and breaking of
chemical bonds in reactive processes. These simulations, combined with natural orbitals, elucidate the dynam-
ical evolution of chemical bonds, as demonstrated in the F⁻ + CH3CH2Cl reaction [6].

Additionally, I will explore the use of NOFs in modeling excited states through the coupling of reconstructed
two-particle RDMwith the extended random-phase approximation, showcasing their accuracy across various
systems when compared to configuration interaction method [7]. The integration of NOFs into quantum
computing, particularly within the VariationalQuantum Eigensolver (VQE) framework, will also be addressed,
emphasizing how leveraging the one-particle RDM allows for energy calculations with up to 90% reductions
in quantum resource requirements [8].

These advancements collectively position natural orbital functional theory as a cornerstone methodology for
tackling challenges in electronic structure calculations, offering transformative capabilities across classical
and quantum computational domains.
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