©
2016 2018

Application of the cluster nonequilibrium relenaxation method to quantum Monte
Carlo calculations
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We generalized the cluster nonequilibrium relaxation method to the standard
quantum Monte Carlo scheme, namely the continuous-time loop algorithm, and investigated the
Neel-dimer quantum phase transition in the two-dimensional dimerized S=1/2 antiferromagnetic
Heisenberg model. With the scaling analysis based on the stretched-exponential ordering from the
isolated dimer state, we estimated the quantum critical point and critical exponents accurately. In
order to establish the theoretical basis of the present scheme, we obtained the exact solution of
the nonequilibrium relaxation process in the infinite-range Ising model based on the Swendsen-Wang
cluster algorithm, and derived the stretched-exponential relaxation formula phenomenologically based

on a dynamical relation settled in this exact solution. Furthermore, we generalized the
temperature scaling” , which scales off-critical data during nonequilibrium relaxation in
local-update algorithms, to that in cluster-update algorithms.
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