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ABSTRACT

The key to a successful description of many-electron and other many-fermion systems is an accurate
assessment of particle correlations. One of the most efficient ways of describing many-electron
correlations in molecules and many-nucleon correlations in atomic nuclei is offered by methods based on
the coupled-cluster theory. This presentation will focus on the recently developed ideas in coupled-cluster
theory that have resulted in the discovery of the renormalized coupled-cluster methods. It will be shown
that renormalized coupled-cluster theories, which are based on the asymmetric energy expression that
defines the method of moments of coupled-cluster equations, enable an accurate description of molecular
potential energy surfaces involving bond breaking, reaction pathways in organic and bioinorganic
chemistries, singlet-triplet gaps in magnetic systems, and excited electronic states with an ease of a
black-box calculation that can be performed by experts as well as non-experts. It will also be shown that
coupled-cluster theories can be extended to large molecular systems with hundreds of atoms, while
retaining the high accuracies these methods offer for smaller molecular species, through suitably designed
linear scaling algorithms. Finally, it will be demonstrated that the conventional and renormalized coupled-
cluster methods, which have been developed in the context of electronic structure calculations, can find
good use in nuclear physics, including the ground and excited states of the *He and '°0O nuclei, valence
systems around ®0, and heavier >°Ni, *°Ni, and >/Ni nuclei, offering an alternative to the considerably
more expensive shell-model calculations.
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