Commun. Math. Phys. 170, 21-39 (1995) Communications in

thema
Physics

© Springer-Verlag 1995

Taming Griffiths’ Singularities:
Infinite Differentiability of Quenched Correlation
Functions

Henrique von Dreifus”*, Abel Klein>**, J. Fernando Perez®***

! Instituto de Matematica e Estatistica, Universidade de Sdo Paulo, P.O. Box 20570, 01452-990
Sdo Paulo, SP, Brazil

2 Department of Mathematics, University of California, Irvine, Irvine, CA 92717-3875, USA

3 Instituto de Fisica, Universidade de Sdo Paulo, P.O. Box 20516, 01498-970 Sio Paulo,
SP, Brazil

Received: 17 December 1993 /in revised form: 9 May 1994

Abstract: We prove infinite differentiability of the magnetization and of all quenched
correlation functions for disordered spin systems at high temperature or strong mag-
netic field in the presence of Griffiths’ singularities. We also show uniqueness of the
Gibbs state and exponential decay of truncated correlation functions with probability
one. Our results are obtained through new simple modified high temperature or low
activity expansions whose convergence can be displayed by elementary probabilis-
tic arguments. Our results require no assumptions on the probability distributions
of the random parameters, except for the obvious one of no percolation of infinite
couplings, and, in the strong field situation, for the also obvious requirement that
zero magnetic fields do not percolate.

1. Introduction

In 1969 Griffiths [1] considered the statistical mechanics of a random ferromagnetic
Ising model, with Hamiltonian given by

H = -3 Jyo.o, +hy oy, (1.1)

(xy) x

where x € Z¢, (xy) denotes a pair of nearest neighbor sites in Z¢, 5, = %1, and the
couplings J = {J, = 0}y, are taken as identically distributed random variables.
He pointed out that for the site diluted model, i.e., Jy, = J&£,, where the inde-
pendent random variables &, are 1 or 0 with probability p and 1 — p respectively,
the quenched magnetization, considered as a function of z = e, displayed a non-
analytical behavior at z = 1 for values of the inverse temperature f at which the
system has neither long-range order nor spontaneous magnetization (see also [2, 3]).
His arguments should apply to a large class of ferromagnetic models; in particular,
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