Applications of entropic Monte Carlo methods via dominant energy subspaces.
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Outline of the seminar

A review of entropic Monte Carlo methods for the general class of Ising models will be presented and schemes of “two-stage-runs” will be proposed as a prerequisite for accurate entropic estimation in large systems. In the “first-stage-runs” the density of states (DOS) is estimated by a Wang-Landau “random” walks in dominant “critical” energy subspaces. In the “second-stage-runs”, the DOS obtained in the first-stage is used as input to carry out parallel and almost entropic Wang-Landau and Lee-processes, in their original or in their N-fold way versions. These second-stage runs improve the original DOS and accumulate histogram-data to estimate additional properties, such as magnetic properties. Two applications of the above schemes will be presented. In the first case, we attempt the numerical estimation of the universal probability density functions (PDF) of the order-parameter for the 2-D and 3-D Ising models. For the 2-D the ansatz for the tail regime of the universal PDF appears to be fully verified. In the second application, we undertake an extensive finite-size scaling study on both the square and the triangular Ising models with next-nearest-neighbor interactions in the superantiferromagnetic (SAF) regime. Our numerical evidence enables a convincing characterization of the relevant second-order and first-order phase transitions of the two models. However, for the first-order transition of the triangular model we find correction terms, which are not in agreement with finite-size scaling theories. The observed disagreement may be due to surface terms not included in the existing scaling theories.

