Available online at www.sciencedirect.com _
. . stochastic
o~ ScienceDirect processes
, N and their
e applications
ELSEVIER Stochastic Processes and their Applications 127 (2017) 803-830 _—

—_———
www.elsevier.com/locate/spa

Percolation of even sites for enhanced random
sequential adsorption

Christopher J.E. Daniels, Mathew D. Penrose*

Department of Mathematical Sciences, University of Bath, Bath BA2 7AY, United Kingdom

Received 18 December 2015; received in revised form 30 June 2016; accepted 1 July 2016
Available online 12 July 2016

Abstract

Consider random sequential adsorption on a chequerboard lattice with arrivals at rate 1 on light squares
and at rate A on dark squares. Ultimately, each square is either occupied, or blocked by an occupied
neighbour. Colour the occupied dark squares and blocked light sites black, and the remaining squares white.
Independently at each meeting-point of four squares, allow diagonal connections between black squares
with probability p; otherwise allow diagonal connections between white squares. We show that there is a
critical surface of pairs (A, p), containing the pair (1, 0.5), such that for (A, p) lying above (respectively,
below) the critical surface the black (resp. white) phase percolates, and on the critical surface neither phase
percolates.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Random sequential adsorption (abbreviated RSA throughout this paper) is a term for a family
of probability models for irreversible particle deposition. Particles arrive at random locations
and times onto a surface, and if accepted a particle blocks nearby locations on the surface from
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Fig. 1. A section of the lattice used for enhanced RSA and the associated tiling of R2. The small circles represent octagon
sites and the small squares are diamond sites.

accepting future arrivals. Such models are of physical interest, as a model for coating of a surface;
see for example [5,13]. We consider a discrete version of RSA on the initially empty integer
lattice Z2, with the arrival time at a lattice site x given by an exponential random variable T}
with parameter Ay, with (7y), .72 independent. All sites are either empty, occupied or blocked,
an arrival at an empty site x causes it to become permanently occupied and all adjacent sites (that
is, sites y such that |[x — y| = 1 where | - | denotes the Euclidean norm) to become permanently
blocked. If sup, A, < oo this model is well defined; see [10]. On this lattice we define the even
(respectively, odd) sites to be those at an even (respectively, odd) graph distance from the origin.

Ultimately, each site will be either occupied or blocked. The distribution of the occupied
and blocked sites in this ultimate state is called the jamming distribution; under the jamming
distribution the sites of Z? are divided into an even phase and an odd phase, where the even
phase consists of occupied even sites and blocked odd sites. Site percolation of the even phase
was considered in [11], in the case where for some A > 0 we have A, = 1 for odd x and
Ax = A for even x. The even phase is monotone in X; that is, for 0 < A < A’ there exists coupled
realizations of the process just described with parameter A and with parameter A/, such that the
even phase for parameter X is contained in the even phase for parameter A’

Penrose and Rosoman [11] proved that the critical parameter A for RSA on the integer lattice
77 is strictly greater than 1. The proof of this uses an enhanced RSA (denoted eRSA below)
model on a new lattice called A throughout this paper. We associate with each site x € Z2 a
site x’ := x + (1/2, 1/2). The lattice A has vertex set Ureze{x, x'}, with an edge between sites
x € Z> and y € Z?% if |x — y| = 1, and an edge between x” and y if |x' — y| = ‘/75 (here | - | is
the Euclidean distance). We refer to the added sites x” as diamond sites, and the original sites x
as octagon sites; each octagon site has degree 8 and each diamond site has degree 4 (see Fig. 1).
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