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For many practical applications, it is crucial to know how large the error of a given
quantum chemical method is [1]. Unfortunately, it is often not possible to compare to a
reference calculation of high reliability, in particular for large molecules. To tackle this
problem, we propose an approach based on the Bethe–Goldstone equation [2]. With this
equation, any molecular property can be cast in terms of a many-body expansion, the
bodies being fragments of the original molecule. Many popular approaches in quantum
chemistry are based on this idea such as the method of increments [3], the kernel en-
ergy method [4], many-body expanded full configuration interaction [5], and the fragment
molecular orbital method [6].
In our specific case, we do not rely on a fragmentation of the orbital space (as is done, for
example, in the method of increments) but instead directly partition the molecular struc-
ture. Then, for each of the smaller fragments, a reliable but computationally demanding
reference calculation is carried out (our approach is not tailored towards a specific method,
but general enough to allow for any quantum chemical method). To be flexible with regard
to the choice of fragmentation, it is often necessary to separate strongly interacting parts
(e.g., cutting through covalent bonds). We rely on the embedding approach proposed by
Manby, Miller, and coworkers [7] to take such parts into account by a computationally less
expensive method (see also Ref. [8]). It is found that our many-body expansion is quickly
converging for the cases studied; in fact, it is often sufficient to truncate it at third order.
Therefore, this method provides a viable way to reliably propagate errors calculated on
smaller fragments to larger molecules [9].
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