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We study distance dependent interaction coupling in 2D in order to show how a spin
glass phase transition occurs when couplings between far away spins are permitted. We
consider Edwards-Anderson Ising spin glass model[1,2,3]. The interaction coupling is
a quenched random variable whose probability of being non-zero decays with distance
between two spin sites. That means we assume that two spins si and sj at the spin
site i and j respectively and compute the distance between them i.e. rij = |ri − rj|[4,5].
Therefore the interaction coupling is random and its probability distribution is decaying
with the distance between the spins(p(Jij) ∝ r−ρ

ij ))[4]. In the model, we study changing
of ρ among three different regimes. As ρ is large the power-law is decaying rapidly and
only bonds with neighboring site are plausible. We study the 2D case, in which no spin
glass transition exists and the interactions are short-range. But when the value of ρ is not
large, there is a probability to get interaction coupling. We check the existence of spin
glass phase for ρ > 2+D where the system critical behavior starts being long-range rather
than short-range. For 4/3D < ρ < 2+D there will be a phase transition but the system is
out of the range of the validity of mean-field theory and for ρ < 4/3D (mean-field critical
behavior). Therefore, to probe the critical behavior one must resort to other approaches.
One useful approach is numerical simulation, which is the theme of this work.

[1] Edwards, S. F. Anderson, P. W. Theory of spin glasses, J. Phys. F. metal Phys. s,
965(1975).
[2]Helmut G. Katzgraber and L. W. Lee correlation length of the two-dimentional Ising
spin glass with bimodal interactions Phys. Rev. B 71, 134404(2002).
[3]J. W. Landry and S. N. Coppersmith Ground states of two-dimensional Edwards- An-
derson spin glasses. Phys. Rev. B, 65 134404(2002).
[4]L. Leuzzi, G. Parisi, F. Ricci-Tersenghi, J. J. Ruiz-Lorenzo Bond Diluted Levy spin-
glass model and a new finite-size scaling method to determine a phase transition. Philo-
sophical Magazine 2010, 1-9, iFirst.
[5]L. Leuzzi, G.parisi, F.Ricci-Tersenghi, and J. J. Ruiz-Lorenzo. Diluted one-dimentional
spin glasses with power law decaying interactions PRL 101,107203(2008)

PS-5




