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Any spin singlet state of a system of S=1/2 quantum spins can be expanded in the over complete and non-orthogonal basis of all possible states in which each spin forms a singlet, a valence bond, with another spin. Although some applications of this basis in projector quantum Monte Carlo algorithms have been reported, the full potential of this approach has apparently not been realized. Here I will show that the valence bond basis offers several advantages relative to standard projector Monte Carlo methods for spin systems. As an application, I discuss studies of a quantum phase transition from an antiferromagnetic to valence-bond-solid ground state in a 2D Heisenberg model including a four-spin interaction that suppresses the antiferromagnetism. The finite-size scaling behavior at this transition suggests that this is the first observation of the recently proposed deconfined quantum critical point.

