Capturing static correlation using a new DFT+U-type functional
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Current state of the art Density Functional Theory plus Hubbard U (DFT+U) type functionals [1]
offer an imperfect correction to the notorious Many-Electron Self-Interaction Error (MSIE) that af-
fects standard DFT calculations. Traditional DFT+U type functionals are derived from the Hubbard
model and it is merely fortuitous that the method offers a partial correction to MSIE. DFT+U also
fails to account for Static Correlation Error, and can even increase it. We present a new DFT+U
type functional [2] which is explicitly derived to enforce the flat plane condition [3], on localised
subspaces. The new functional yields near exact quantum mechanical total energies for the disso-
ciated molecular dimers: H,, HeJ, Li, and BeJ . This shows that a semi-local exchange-correlation
functional equipped with a flat-plane correction, with first-principles parameters only, can capture
strong static correlation effects in the total energy under certain conditions. We also report the
existence of another systematic error, termed Asymmetric-MSIE. The new functional successfully
ameliorates Asymmetric-MSIE in the triplet H; ring, the smallest stringent test system for this error.

Figure 1: Sum of the Symmetric-MSIE & Asymmetric-MSIE corrections for an s-orbital subspace.
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