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Abstract

The accurate calculation of the ground state of many-electron systems has been the
central goal of quantum chemistry for the last 80 years. Exact methods, such as full Cl, can
only be applied to systems of a few electrons and it has long been assumed [1] that larger
fermionic systems will only be simulated exactly on powerful "quantum computers".

Here we argue that this is not the case for a large class of realistic electronic systems, with
up to ~50 electrons. The ground state of these fermion systems can be calculated using a
very simple stochastic algorithm [2,3,4], based on a population dynamics of a set of
annihilating walkers of positive and negative sign in the space of the Slater determinants of
the system. We show that this algorithm can be used to solve difficult fermion systems to
unprecedented accuracy, as exemplified by a recent application to the ionisation potential
of the first row (3d) transition metal atoms [5]. Furthermore, we show that a replica trick
allows the unbiased calculation of two-particle correlation functions [6], as well as excited
states.
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