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Valence bond picture describes the ground state and low energy excited states of quantum spin
systems. The parity of the number of the valence bond through a surface dividing the lattice into
two parts is one of the topological order parameters. For one dimensional systems string order
parameter and this family capture this parity well, but for higher dimensional ones these order
parameters are ill-defined. The local Z2 Berry phase [1] is another topological order parameter
that catches the parity of the number of the valence bond on a bond. This order parameter works
in two or higher dimensional systems as well as one dimensional ones. This can catch a quantum
phase transition even in a finite size calculation. This has been calculated only by the exact
diagonalization, however, a reachable system size has been restricted severely and then there is
strong finite size effect such as a shift of an estimation for the critical point. Thus, a non-biased
method for large scale calculations, such as quantum Monte Carlo method, is required.

We propose a path-integral quantum Monte Calro method (PIQMC) to calculate the local Z2

Berry phase [2]. There are two obstacles in calculating the Berry connection: (i) the ordinary
PIQMC cannot obtain the ground state wave functions and these inner product directly, and (ii)
the weight function for the PIQMC is usually complex value due to the local perturbation. In
order to overcome these problem we adopt the projection method, the meron cluster algorithm
and the reweighting method with the Wang-Landau optimation to the loop algorithm. We also
propose that the gauge fixed local Berry connection can be an effective tool to estimate precisely
the quantum critical point. Just at the critical point the local Berry connection does not depend
on system size and thus curves with several system size cross like the Binder ratio of an order
parameter and the ratio of a correlation length to system size.

To demonstrate our method, we apply it to S = 1/2 antiferromagnetic Heisenberg dimerized
ladder and dimerized square lattice. For the 1D case, the estimates for critical point in the
thermodynamic limit by the local Berry phase and Berry connection are consistent with one by
the finite size analysis of staggered susceptibility. For the 2D case, on the other hand, while we
cannot draw the thermodynamic limit data from the Berry phase calculations because of the small
system size, the obtained critical point from the Berry connection is also consistent with more
precise estimate by Yasuda [3].
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