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Analysis of critical behavior for spin systems using stochastic-geometrical
representations
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The (ferromagnatic) Ising model and the ¢ 4 model are known to exhibit phase
transition and critical behavior. In 2007, Sakai used a stochastic-geometrical representation, known as
the random-current representation, to develop the lace expansion for the Ising model. Extending the use
of this stochastic-geometrical representation, we applied the lace expansion to the ¢ 4 model and
obtained an asymptotic expression of the critical two-point function in high dimensions. We also
established the method of analyzing critical behavior for the models defined by power-law decaying pair
potentials, and proved that the critical two-point function in high dimensions is asymptotically
Newtonian or Riesz, depending on the value of the power exponent of the pair potentials.
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