Probability and Phase Transition

Probability and Phase Transition

edited by

Geoffrey Grimmett

Statistical Laboratory, University of Cambridge, Cambridge, U.K.

Proceedings of the NATO Advanced Study Institute on Probability Theory of Spatial Disorder and Phase Transition Cambridge, U.K. July 4–16, 1993

CONTENTS

Exact steady state properties of the one dimensional asymmetric exclusion model 1 B. Derrida and M. R. Evans

Droplet condensation in the Ising model:

moderate deviations point of view 17 R. L. Dobrushin and S. Shlosman

Shocks in one-dimensional processes with drift 35 P. A. Ferrari

Self-organization of random cellular automata: four snapshots 49 D. Griffeath

Percolative problems 69 G. R. Grimmett

Mean-field behaviour and the lace expansion 87 T. Hara and G. Slade

Long time tails in physics and mathematics 123 F. den Hollander

Multiscale analysis in disordered systems:

percolation and contact process in a random environment 139 A. Klein

Geometric representation of lattice models and large volume asymptotics 153 R. Kotecký

Diffusion in random and non-linear PDE’s 177 A. Kupiainen

Random walks, harmonic measure, and Laplacian growth models 191 G. F. Lawler

Survival and coexistence in interacting particle systems 209 T. M. Liggett

Constructive methods in Markov chain theory 227 M. V. Menshikov vi CONTENTS

A stochastic geometric approach to quantum spin systems 237 B. Nachtergaele

Disordered Ising systems and random cluster representations 247 C. M. Newman

Planar first-passage percolation times are not tight 261 R. Pemantle and Y. Peres

Theorems and conjectures on the droplet-driven relaxation of stochastic Ising models 265 R. H. Schonmann

Metastability for Markov chains: a general procedure based on renormalization group ideas 303 E. Scoppola

PREFACE

Random spatial processes were the subject of a special six-month programme at the Isaac Newton Institute of the University of Cambridge, in 1993. A major event of that programme was a NATO Advanced Study Institute, of which this volume contains the proceedings. The meeting took place during 4–16 July, and brought together specialists and students working on spatial disorder and phase transition. The main language of the meeting was probability theory, but with important input from other areas of science, particularly physics.

The success of the Advanced Study Institute was ensured by a generous grant from the NATO Scientific Affairs Committee; this funding enabled the full participation of young people who might otherwise have been unable to attend. Travel support for young U.S. participants was provided by the National Science Foundation.

Cambridge proved to be an excellent and popular venue, of which an essential component was the superb environment offered by the Isaac Newton Institute. The Institute provided not only substantial funding, but also a wonderful building, and a staff of individuals who assisted the smooth organisation with efficiency and good humour.

The Organising Committee offers its thanks to Sarah Shea-Simonds, whose graceful administration of the preparation for the meeting was especially appreciated by the Director. Her virtuosity at all dialects of TEX is evident in her fine work in producing this volume. The editor was aided also by the Isaac Newton Institute, and by support from the SERC under grant GR G59981.

Geoffrey Grimmett Cambridge

LIST OF PARTICIPANTS

Douglas Abraham Department of Theoretical Physics University of Oxford 1 Keble Road Oxford OX1 3NP United Kingdom

Rashid Ahmad Department of Statistics University of Strathclyde 26 Richmond Street Glasgow G1 1XH United Kingdom

Michael Aizenman Jadwin Hall Princeton University Princeton NJ 08544–0708 United States

Kenneth Alexander Department of Mathematics University of Southern California Los Angeles CA 90089–1113 United States

Martin Barlow Department of Mathematics University of British Columbia Vancouver British Columbia V6T 1Z2 Canada

Martin Baxter Statistical Laboratory University of Cambridge 16 Mill Lane Cambridge CB2 1SB United Kingdom

Daniel Boivin Department of Mathematics Université de Bretagne Occidentale 6 avenue Le Gorgeu, B.P. 452 29275 Brest Cedex France

Christian Borgs Institut für Theoretische Physik Freie Universität Berlin Arnimallee 14 D–1000 Berlin 33 Germany

Anton Bovier Institut für Angewandte Analysis & Stochastik Mohrenstrasse 39 D–10117 Berlin Germany

Emmanuel Buffet School of Mathematical Sciences Dublin City University Dublin 9 Ireland

Massimo Campanino Department of Mathematics University of Bologna Piazza di Porta S. Donato 5 40126 Bologna Italy

Terence Chan Department of Actuarial

Mathematics & Statistics Heriot-Watt University Riccarton Edinburgh EH14 4AS United Kingdom

Jennifer Chayes Department of Mathematics University of California Los Angeles CA 90024 United States

Francis Comets UFR de Mathématiques Université Paris VII 2 place Jussieu 75251 Paris Cedex 05 France

Michael Cooper Department of Mathematics Birkbeck College University of London London WC1E 7HX United Kingdom

Gustav Delius Fakultät für Physik Universität Bielefeld Postfach 10 01 31 4800 Bielefeld 1 Germany

Bernard Derrida Service de Physique Théorique CE Saclay F91191 Gif sur Yvette France

Ronald Doney Statistical Laboratory Department of Mathematics University of Manchester Manchester M13 9PL United Kingdom

Nicholas Duffield School of Mathematical Sciences Dublin City University Dublin 9 Ireland

Mireille Echerbault Laboratoire de Probabilité Université Paul Sabatier 118 route de Narbonne 31062 Toulouse Cedex France

Andreas van Elst Physikalisches Institut Universität Bonn Nussallee 12 53115 Bonn 1 Germany

Aernout van Enter Institute for Theoretical Physics Rijksuniversiteit Groningen P.O. Box 800 NL–9747 AG Groningen The Netherlands

Alison Etheridge Department of Mathematics University of Edinburgh Mayfield Road Edinburgh EH9 3JZ United Kingdom

Chyunjia Albert Fannjiang Department of Mathematics University of California Los Angeles CA 90024–1555 United States

Kambiz Farahmand Department of Mathematics University of Ulster Jordanstown County Antrim BT37 0QB United Kingdom

Ariel Fernández Department of Biochemistry P.O. Box 016129 Miami Florida 33101–9990 United States

Pablo Ferrari Department of Statistics IME–USP Cx Postal 20570 01452–001 São Paulo Brazil

Martin Florian Department of Physics University Polytechnic of Catalunya Pau Gargallo 5 08028 Barcelona Spain

Alberto Gandolfi Department of Mathematics University of Turin Sede di Alessandria 15100 Alessandria Italy

Véronique Gayrard Centre de Physique Théorique CNRS Luminy, Case 907 13288 Marseille Cedex France

Priscilla Greenwood Department of Mathematics University of British Columbia Vancouver British Columbia V6T 1Y4 Canada

David Griffeath Department of Mathematics University of Wisconsin Madison WI 53706 United States

Geoffrey Grimmett Statistical Laboratory University of Cambridge 16 Mill Lane Cambridge CB2 1SB United Kingdom

Benjamin Hambly Department of Mathematics University of Edinburgh Mayfield Road Edinburgh EH9 3JZ United Kingdom

Shirin Handjani Department of Mathematics University of California Los Angeles CA 90024–1555 United States

Martin Hansen Department of Mathematics Royal Veterinary

& Agricultural University Thorvaldsenvej 40 DK-1871 Frederiksberg C Denmark

Takashi Hara Department of Applied Physics Tokyo Institute of Technology Oh-Okayama Meguro-ku Tokyo 152 Japan

Matthew Harris Faculty of Technical Mathematics Delft University of Technology Mekelweg 4 2628 CD Delft The Netherlands

Simon Harris School of Mathematical Sciences University of Bath Bath Avon BA2 7AY United Kingdom

Yasunari Higuchi Department of Mathematics Kobe University Rokko Kobe 657 Japan

Frank den Hollander Mathematical Institute University of Utrecht P.O. Box 80.010 3508 TA Utrecht The Netherlands

Marco Isopi CMAP Ecole Polytechnique 91128 Palaiseau Cedex France

Sudhir Jain Department of Mathematics Faculty of Science and Technology University of Derby Derby DE22 1GB United Kingdom

Alex Kaganovich Rockefeller University 1230 York Avenue New York NY 10021 United States

Michael Keane Faculty of Technical Mathematics Delft University of Technology Mekelweg 4 2628 CD Delft The Netherlands

Joanne Kennedy Department of Statistics University of Oxford 1 South Parks Road Oxford OX1 3TG United Kingdom

Harry Kesten Department of Mathematics Cornell University Ithaca NY 14853 United States

Abel Klein Department of Mathematics University of California Irvine CA 92717 United States

Roman Kotecký Centre for Theoretical Study Charles University Táboritská 23 130 00 Praha 3 Czech Republic

Flora Koukiou Groupe de Physique Statistique Université de Cergy-Pontoise 47–49 avenue des Genottes, B.P. 8428 95806 Cergy-Pontoise Cedex France

Ravishankar Krishnamurthi Department of Mathematics State University of New York New Paltz NY 12561 United States

Antti Kupiainen Department of Mathematics University of Helsinki Hallituskatu 15 SF–00014 Helsinki Finland

Gregory Lawler Department of Mathematics Duke University Durham NC 27708–0320 United States

John Lewis Dublin Institute for Advanced Studies 10 Burlington Road Dublin 4 Ireland

Thomas Liggett Department of Mathematics University of California Los Angeles CA 90024 United States

Terry Lyons Department of Mathematics Imperial College 180 Queen’s Gate London SW7 2BZ United Kingdom

Kirone Mallick Laboratoire de Physique de l’ENS 24 rue Llomond 75005 Paris Cedex France

Anders Martin-Löf Department of Mathematical Statistics University of Stockholm S–10691 Stockholm Sweden

Ronald Meester Department of Mathematics University of Utrecht P.O. Box 80.010 3508 TA Utrecht The Netherlands

Mikhail Menshikov Mechanico-Mathematical Faculty Department of Probability Moscow State University 119899 Moscow Russia

Thomas Mountford Department of Mathematics University of California Los Angeles CA 90024 United States

Bruno Nachtergaele Department of Physics Princeton University Princeton NJ 08544–0708 United States

Charles Newman Courant Institute 251 Mercer Street New York NY 10012 United States

Bao Gia Nguyen Department of Mathematics Illinois Institute of Technology Chicago IL 60616 United States

Geoffrey Nicholls Department of Statistics University of Oxford 1 South Parks Road Oxford OX1 3TG United Kingdom

John Noble Department of Statistics University College Cork Ireland

Neil O’Connell Department of Mathematics University of Edinburgh Mayfield Road Edinburgh EH9 3JZ United Kingdom

Enzo Olivieri Department of Mathematics University of Rome II Via Fontanile di Carcaricola 00133 Rome Italy

George Papanicolaou Department of Mathematics Stanford University Stanford CA 94305 United States

Marc Peigné IRMAR Laboratoire de Probabilités Campus de Beaulieu 35042 Rennes Cedex France

Robin Pemantle Department of Mathematics University of Wisconsin Madison WI 53706 United States

Mathew Penrose Department of Mathematical Sciences University of Durham South Road Durham DH1 3LE United Kingdom

Yuval Peres Department of Mathematics Yale University New Haven CT 06520 United States

Dimitri Petritis IRMAR Campus de Beaulieu 35042 Rennes Cedex France

Pierre Picco Centre de Physique Théorique CNRS Luminy, Case 907 13288 Marseille Cedex France

Marcelo Piza Department of Physics New York University New York NY 10003 United States

Emily Puckette Department of Mathematics Duke University Durham NC 27708–0320 United States

Ellen Saada LAMS de l’Université de Rouen Faculté des Sciences B.P. 118 76134 Mont-St-Aignan Cedex France

Roberto Schonmann Department of Mathematics University of California Los Angeles CA 90024 United States

Elisabetta Scoppola Department of Physics Universita’ La Sapienza Piazzale Aldo Moro 2 00185 Rome Italy

Sunder Sethuraman Courant Institute New York University 251 Mercer Street New York, NY 10012 United States

Gyoung Moo Shim Instituut voor Theoretische Fysica Katholieke Universiteit Leuven B–3001 Leuven Belgium

Senya Shlosman Institute for Information

Transmission Problems 19 Yermoleva Street GSP-4 Moscow 101447 Russia

Gordon Slade Department of Mathematics

& Statistics McMaster University Hamilton Ontario L8S 4K1 Canada

Wayne Sullivan Dublin Institute of Advanced Studies 10 Burlington Road Dublin 4 Ireland

Franck Vermet IRMAR Campus de Beaulieu 35042 Rennes Cedex France

Jonathan Warren School of Mathematical Sciences University of Bath Bath Avon BA2 7AY United Kingdom

Joseph Watson Department of Physics Harvard University Cambridge MA 02138 United States

Edward Waymire Department of Mathematics Oregon State University Corvallis Oregon 97331–4605 United States

Dominic Welsh Merton College Oxford OX1 4JD United Kingdom

Aubrey Wulfsohn Mathematics Institute University of Warwick Coventry CV4 7AL United Kingdom

Milos Zahradnik Faculty of Mathematics and Physics Charles University MFF-UK, Sokolovska’ 83 18600 Prague Czech Republic

Boguslaw Zegarlinski Mathematics Department Ruhr-Universität 4630 Bochum 1 Germany

Yu Zhang Department of Mathematics University of Colorado Colorado Springs CO 80933–7150 United States

V. Zhikov Department of Mathematics Pedagogical Institute Vladimir 600024 Russia