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Introduction
We performed two-dimensional simulated tempering (ST) simulations of the two-dimensional Ising model in different sizes in order to investigate the phase transitions and
to study the cross over behavior. In this two-dimensional ST, not only the temperature but also the external field become dynamical variables updated by the Metropolis
criteria. Thus, this method can be referred to as “Simulated Tempering and Magnetizing (STM).” We also performed the “Simulated Magnetizing (SM)” simulations, in which
the external field was considered as a dynamic variable but temperature was not. It is shown that STM can go over first-order phase transition lines by making a
two-dimensional random walk in temperature and external field. We also studied the crossover behavior of phase transitions with respect to temperature and external field.

Methods

We employed the two-dimensional ST method [1], in which the temperature and external
field are also considered as dynamical variables updated by Metroplis criteria. Thus the
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energy. We calculate it by rewighting techniques such as WHAM and MBAR. By repeating MBAR J(Tuly) = ~log i i ‘Z\: _ exp(—(E, — h;M,)|T;)
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performed production run.
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We investigated the critical behavior. We employed the finte-size scaling approach. The

scaling form of magnetization with respect to temperature T and external field h are given by

By _ /v, yd+2-n >
ML = WL h) 10x10 e

20X20 =t
t = |IT-Td/Te, 30X30 setoe
R
where L is linear lattice size. Note that in 2D ising model, d=2, 3=1/8,v =1,and n=1/4. Sobe e — i—
Figure 7 shows the magnetization when external field is zero. The behivor follows M ~ t# 01 o 10 ! 1 ":l?_?sla 1000 10000
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when Lt is large enough. Figure 8 shows the magnetization when T=Tc. The behavior of M Fig. 7 Scaled M vs temperature. Fig. 8 Scaled M vs external field.
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We peformed the two-dimensional ST simulations of two-dimensional Ising model. By realizing the random walk in the temperature and external feild, we overcame the
first-order pahse transition difficulty, and obtained the information in large are of phase diagram by a single production run. We aslo studied the cross over behavior. The
behavior was clearly depicted.
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