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RPA is a fully nonlocal approximation with full exact exchange, and constructs the correlation with the help of the unoccupied Kohn-Sham orbitals. In some cases, however the RPA fails to be accurate [1]; it is puzzling that RPA atomization energies are on average about 10 kcal/mol lower than accurate values from experiment. In many cases (uniform electron gas, jellium surface, free atom), the correction to RPA is a short-ranged effect that is captured by a local spin density approximation (LSDA) or generalized gradient approximation (GGA) [2]. This short-range correction does not work for atomization energies.   
We find here that a hybrid of 50%  Perdew-Burke-Ernzerhof GGA with 50% RPA+ yields atomization energies much more accurate than either alone [3].  This suggests a solution to the puzzle: While the proper correction to RPA is short-ranged in some systems, its contribution to the correlation hole can spread out in a molecule with multiple atomic centers, cancelling part of the spread of the exact exchange hole, making the true exchange-correlation hole more localized than in RPA or RPA+.  This effect is not captured even by the vdW-DF nonlocality [4], but requires the different kind of full nonlocality present in a hybrid functional. We also construct a more sophisticated fully nonlocal correction to the RPA based on the correlation factor model [5].
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