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Explicitly correlated wave function approaches have emerged as standard remedy for the
slow basis-set convergence inherent to all orbital-based correlation methods. Especially
in connection with coupled cluster theory, the F12 ansatz using Slater type geminals has
proven as powerful approach, reducing computational timings due to drastically decreased
basis-set sizes and thus enabling quantitative accuracy at feasible computational cost [1].
Complementing the line of already established F12 variants, we present explicitly corre-
lated wave function approaches based on the random phase approximation (RPA). Even
though RPA was originally developed to treat excited states in the context of density func-
tional theory, it was later on found to be a promising orbital-dependent correlation method
for ground-state energies, both capturing long-range dispersion and being, in contrast to
perturbative approaches, stable for small-gap systems [2]. We show that the presented
explicitly correlated RPA variants can be derived based on the method’s connection to
coupled cluster theory and that the gained improvement regarding basis-set convergence
is comparable to the performance of state-of-the-art explicitly correlated coupled cluster
approaches [3,4,5].
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[1] C. Hättig, W. Klopper, A. Köhn and D. P. Tew, Chem. Rev. 112 (2012), 4.
[2] H. Eshuis, J. E. Bates and F. Furche, Theor. Chem. Acc. 131 (2012), 1084.
[3] A.-S. Hehn and W. Klopper, J. Chem. Phys. 138 (2013), 181104.
[4] A.-S. Hehn, D. P. Tew and W. Klopper, J. Chem. Phys. 142 (2015), 194106.
[5] A.-S. Hehn, C. Holzer and W. Klopper, Chem. Phys. 479 (2016), 160.


