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ABSTRACT:

The long-range dependence is a common feature in models from statisti-
cal physics and random networks such as the Ising and Potts model, (depen-
dent) percolation models, random hypergraphs, etc. In this talk, I shall discuss
two random ensembles where long-range correlation structure is intrinsic in na-
ture. The first model is a Gaussian symmetric random matrix X,,, with zero-
mean, unit variance entries satistying the condition sup(; ;s jy [E[Xij Xirj]| =
O(n~(1%49) where £ > 0. It follows from Catalano et al.(2024) that the empirical
spectral distribution of n=/2X,, converges weakly almost surely to semi-circle
law. We show that the largest eigenvalue of n=1/2X,, converges to 2 almost
surely. Also we study fluctuation of the largest eigenvalue when entries of X,
have a non-zero mean. The second model is a dependent percolation model.
Fix an integer d > 3 and « > 0. consider a sequence of d-regular a-expanders
(Gn)n>1 = ((Vn, En))n>1 such that limy,_, o0 |Vi| = co. We consider the level-set
percolation of zero-average Gaussian Free Field (GFF) on the metric graph én
associated with G,,. In this recent work, we have discovered that a unique giant
component arises in supercritical regime but the volume of the second largest
cluster remains O(log |V, |) with high probability. This behavior is quite dif-
ferent from Bernoulli percolation on finite expander graphs. Also we present
some results about the volume of the largest cluster in critical and near-critical
regimes.
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