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MATHEMATIS~HES FO.RSCHUNGSINSTITUT OBERWOLFACH

Tagungsber eh -21/1994

Criti'cal Phenomena

In Spatial Stochastic Models

15. Mai bis 21. Mai 1994

Organisers: H.-O. Georgii (München) and G.R. Grimmett (Cambridge).

An important charact.eristic of the study of randorn spatial processes is the in­

terplay of probabilistic and physical intuition. At this meeting, mathematicians and

mathematical physicists from many parts of the \vorld discussed a variety of topics

involving critical phenomena in Probability Theory and Statistical Mechanics. The

main themes included lattice spin systems and t.heir time evolutions. percolation

theory, interacting diffusions and population models, stochastic processes in random

rnedia, spin glass -models, and' properties of randorn graphs. These were accompa­

nied by tal~s on a number of doscly rclated topics including, for example. randorn

self-similar sets~ and the (~rgodic iJn~pert.ies of hilliards. Tltere were l~l participants

at the meetin~, anti :~6 t.alks werc prescntcd.
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Abstracts

/"Oen ..t ° Alt:xandcr ({Jo,,; :'n.!/ele:;):

Simultaneous Uniqueness of Infinite Clusters

In processe such as inva.sion percolation a.nd certain rnodds l)1" coutinutlrn pt"rco­

latio~~ in which a (possibly) randorn label J(b) i~ attach~d 1.,) ("ach bond b 'lf a

(possibly) randoln infinite graph, percolat ion TllOdcls for variol1~ val ues of thc order,

parameter rare naturally coupled: one dennes a bond b to oe '1ccupied at lc\·cl r

if f( b) ::; r. lf thc labelcd graph is stationary~ then asstlIning positive finite energy~

it is known that for (~ach fixed r t.here is tl.S. at luost one infinite duster. at least

~or several standard types of models. We give a llnifying framework for such fixed-r

results, and prove that if the site density 1S finite and the labded graph has positive

finite energy (which is a sort of "sufficient independencen L thcn with probability

one, uniqueness.holds simultaneously for all r. \Vithout positi\-e finite energy. one

can have fixed-r uniqueness a.s. ror each r~ yet not havfl' simult.aneous uniqueness·.

Bila Bo/lobas (Cambridge), joint work with Graham Brightwell:

R~dom Partial. Orders

The random k-dimensional partial order Pk(n) is defined by selecting n points at

randorn from [0. 1]/c, say x, y, .. . , and declaring x < y if Xi < Yi ."'i/i~ 1 ::; i. ::; ko

Equivalently, P/c(n} is defined on the set [n] = {1,2~ ... ,n} by taking krandorn

permutations iTl,." ,1r1f: of [nI and setting x < y if 1ri(X) < ,!i(Y) Vi, 1 ::; i ::; k, The

aim is to study the main parameters of posets~ like height~ width, dimension~ max­

imal degree, largest connected subgraph etc. Perhaps the most frequently studied

parameter is the height Hk(n) = H (Pk{n)): the maximal numberof points in a

chain in Pk(n).
The study of H2 (n) goes back to Ulam (1961). Following work by Hammersley

and Kingman, it was shown by Vershik & Kerov (1977) and Logan & Shepp (1977)

that H2(n)fn 1/ 2 ---+ 2 in probability. In 1988 Winkler and I proved that ~~}~) ---+ CIf:

for every fixed k, where 2 = C2 ~ C3 ~ •.. ~ e a.nd Ck k- e. •
Following work of Friere (1991), Brightwell and 1(1992) proved that HIc(n)

is exponentially concentrated; for k = 2 this was improved hy Talagrand in a

recent work. Janson and I have given a lower bound for the variance of 112 ( n):

Var /{2(n) ~ cn1
/

8 for some c > o.
The talk touched on'some rcccnt results oblained jointly with Graham Bri~ht\Vcll

conccrnin~ thc randorn poset in '.he ('as(~ k( n., - ':'C. :\rnon~ many or.hcr ilsscr­

t.ions~ we proved that if l = t(n) 2: :!. k = k(lL} :::: ti lo~ n/l()~ lo~ n and k lo~(l~) ­

llog n - c > 0 thcn th(~ tlulnber of t-(-hains in J)dlL) t.ends t.o Po (e-':) in distri­

bution. In particular. in this ran~e of k "= k( Tl) tJH~ ll(~if?;ht is iilmost c:ompletdy

d(~t(~rrnined: with probability lt~ndin~ tu 1. i1. 1.i1kes tJOf~ qf ;Ll rnosl Tl ,,';lIues. TIt(~

                                   
                                                                                                       ©



- J -

proof IIS(~S ;:-w('ll spcu:(~c1 dlaills ilnd is corl1pl(~t(!cI hy t.ht' St.t~in (~ht!tl Itld,hotl. rol·

lowil1~ :\rral.ia, (;oldst(:in iU'cI Gt>rdon.

IIt-re: is t)lW 01' I.ht~ rnany conjccturcs left open. Ld. /) he il lix<'«! nOIl-t.rivial puseL

and leI.

kp(n) ': rnax {k : IP{Pk(n) c:ontains P) ;::: ~}.

Th(~n kIJ(n) is a sharp thrcshold function:

{
0 ifk(n)-kp(n)-+oo

lirn IF (/'k(n) contains P) =
11-'x) 1 if k(n) ~ kp(n.) ---4-00

_ Chri.<lian Bm:qs (Los Angeles), joint /Dork /Dith J. T. Chayes:

Random Clusters and the Covariance Matrix of the Potts Model

We considcr the trll~cated two point function of the q-state Potts model in d ~ 2,

expressed in terms of the randorn cluster model In the ordered.,;low temperature

phase. the two point function

i~ a linear combination of two terms, with coefficients depending on n and m. The

two terms are the probability Tfin(x, y) that x ynd y are connected by a finite

cluster, and the covariance G(x, y) of the two events that x and y lie in an infi­

nite cluster. Diagonalizing the matrix Gmn we find two eigenvalues: an eigenvalue

Gord(x, y) corresponding to the trivial representation of the invariance group Sq-l

in "the ordered state: and a q - 2 times degenerate eigenvalue Gord(X-~ y) correspond­

ing to the .remaining irreducible representations. vVhile Gord(x, yJ. is proportional

to rfin(x, y), Gord(X~ y) is a linear combination of both rJin(x~ y) and C(x, y).

We prove the existence of the masses mord and morti corresponding to Gord and

Cord, the inequality "Lord::; mord, and (für d = 2, ,8 = ,Bt and q large enough) the

equality

whcre mdis is the standard mass ()f t,he disordercd high t.cmperature phase.

Frnncis Comet.s (Paris), joint work with J.IVeveu:

High Temperature Sherrington-Kirkpatrick Spin-Glass Model

Let l3ij (.) be a c:ollection of linear Brownian rnations and

'/ . ,. {I 'IJ (' . ') I" .V - 1}hN(/J =. ~lTexp /{ L I) lJf7{1 f7()j - --/ .
v;\ I 'SI<J'SS I

wir It 1:'17 denoting f h(~ a\,(lra~(~ I)\'('r f1 '.~ {-I.)}.\'. Tlwn l.\"{ I J has (Ilp 1.0 SOUl('

nHlstanl fact.<Jr) dH~ SilUle dist.rihul.ioll as I.lu: partit.ioll fllrH:tiorl (Jf t tH: SI' rnodel

.... - .....
·t:..~
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itL invers«' t<'rJ1p('ralllrc~ /'1 = I. I(!, It.. hits th(' ad\'anti\.~(' llfst.ocltast,ic ('alcllI~ls; il.S a

positi "c nlclrt.ill~Cl.lc it. GUl ht' n~pf(·s(~ut.(·~d il.S

7.,v(I) = I~XP {M,\'(/l- ~ (MN) Oll}}

for sotne .c0utinllOlis rnart.illgale ;\1N, \,v(~ provp.

1)

~)

(JIN) .~ some deterministic 4> for I. E [0.1(,
N-~ .

J/ N ~ sürne Gaussian process 1\-1 {HI [0. 1(,
iV-co

and t.hen a. flut.:tllation result. fo~ X:v(t.) as \\'cll a.." sOttH:~ I,hcrrllodytlarnical quan­

tities,

Donald Dawson (Otlawa):

Ci-itical Phenomena in some Spatially Distributed Population Models

\Ve consider a dass of interacting particle systems which invokc critical branch"ing,

catalytic branching and mutually catalytic .branching, Th~ catalytic branching

process involves two types of particles, 'The first one undergoes. Cl. critical branching

random walk (or Brownian motion), The second type undergoes random walk and

in addition branching catalyzed by the first type, that is, the second typ~ branehes

at a. ~ate proporti.onal to the mass of. the first type. at the same Ioeation.. The

mutually· cataly~ic system is similar to' the catalyti.c system except that each of

the two types catalyzes the other type. \;Ve introduce the system at the particle

level and .then eonsider the process obtained in- the diffusion I1mit both on the

lattice Zd. ~nd IRd, The catalytic process l}as been studied in joint work with K.

Fleischmann viathe Loy-Laplace equation which in this case is a non linear eva,lution

equation in a random medium where th~ random mediunl i5 provided by the first

type. The mutually catalytic system has a 'dual proce~s which can be used to

compute moments. However the resulting moments problems are not well·posed.

The consequence of this is that the study of the mutually catalytic system is mueh

more difficult than that of the catalytic system. Some preliminary. results obtained

jointly with E.A.Perkins on this system are presentecl.

J(~nn Dominique Deuschel (ßer/in). joint Icork Ivzlh Gfer Zeito11.ni (llaifa):

Limiting Curves far i.i.d. Random Records

Let. :ll =. (.'<, ~ }'d, Z2 = (.'(..! ~ }'·.d: . , .. ZN = (.Y'N ~ rv) hp. i,i ,d. randorn \"ariables on

[0. 112 with distribution p( dx. dy) =p(.r.. y)cixdy, \Ve say l.hat ~ = (X'll' Z""2'··' Zr):,)

forrns ;~ rccord of lengt h , i f Xr ., < ~...... I ~ i = I, 2~ " ' , ., - i, Let z..ma~ lH~ a reeorr!

of Inaxilnallen~th Imf1x' \V(~ show t.hell Ilnuer I.he cOllditioT1 IrnrJr := .V. ·~maz: con­

t"t'nlrales arounu r.urves {'';:l~''';·!~.'' . .;d which s()I\"f~ t.he variational prohlem

- :
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9(0) = O.y(l) = l.

- 5 -

or (~q 11 i \'i\I(~I1I.I'y wh id. sol \'(~ t.h(~ EIlI(~r (~tll1al. iOIl

.;.; = '2~ _ '2,';;1,
P P

:\Iso {mIiI/:VI/~ -:!..i in proha.hilily and 2.mar concenlral($ arol1nd I.he clIrvcs

{<,:I,y"! .... oy,}.

Jitlnyf,'lIf} Frny (Prkin.g), joint work with D. C·hen. A1. Qill.n:

The Metastable Behaviour of the d-Dimensional Ising Model

L(~t AN" ={/"l~:l •... !:V}2 with periodic houndary condition and X = {_l,l}AN

the st.al.(~ spac<~. ~n is t.bc \Iarkov proccss or Glauber dynamics and 0'( A) the firste hitting I.im" of a s"t. :l. \Ne have

(i) I f LI /\ /1 < L = [~] + '1

lim pf (u( -1) < 0'(1)) = 1;
f3-oo. .

(ii) If LI /\ 12 ~ L = [~] + 1

litTI Pf (a(-l) > 0-(1)) = 1;
f)-.)O .

(iii) lim ~ log E~IU(+1) = P(L);
0-00 ,3

I
. E~lU(-l) _ .

(iv) 1m J - ('X) ,

ß-oo E:-.1u( +1)

(v) a characterization of the set of critical droplets.

Here h is the external field, ,8 the inverse temperature~ and ~ starts at a COD­

figuration. for w hieh the + 1· spins form a rectangle of size /1 x l'l in the sea 'of -1

spins. \Ve generalize the results above to the case of higher diInensions.

!{laus Fleischmann (Ber/in), joint work with· A. Greven:

DiffusiV'e Clustering of Interacting Diffusions

Illnnte systems of interact.ing diffusions o[ the Fisher-vVriKht type are studied. The

.nigration t.erm is chosen in such (L \Va)' that we are in the critical re~imc of diffusive

c:lustcring~ a notion ifltroJuced hy Cox alld Griffcath (1~JK6) in the (~ase o[ thc 2·

dinlcnsional voter rnadel, That iso dust.(~rs of cornpoll(:nts with states dose to t.he

bOllndary grow -on dilr('n'Jl~: randorn scal(~s. Tlte Inain r(~sI11Ls a.re universal in that

t.h(~.'" do not dcpend OJl the shap(' of t lie dif~llsion (:oefficieJlt in the resampling tern\.

flntl also r)()t Oll t.h(~ (·OJlcre't.p c'r~()dit' iJlitiillliuv. ('xn~rl. it.s illl('nsity..\-Iain rncthods

~ln' dIlCtlit..\'. c()llplirt~ ilntl InOlllt'lIt c:ornparisoJl.
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Joz.c;r./ Fril:. (lJlLtlf1P(~.'it.J, join.l work rvith 13. lliidi.tJfT:

Time ~epe~dentCritical Fluctuations ror nOne-Dimensional Käc Model.

We co(\:)ider a.n Isin~ fcrronlagnet wit.h Ka(~ t.ype int.eract.ion

hZ(er) = L )'./(~f h' - )' j ) fT j ~ .

j#k

where .J = J (x) is asymmetrie densi ty and : > 0 is a srnall pararnctcr. Let

).~ .""'w e-ßll.., denote the Gibbs state at in~erse t.emperaturc rJ > 0: ,3 = 1 is "the

" eritical point. One version of the associated Glauber dynainics is tlenned by jurnp

rates . 1
ck(a) = 2"-( 1 - (jlcth,dh~«1)).

Assuming 1 - ß = g...,2/3 we set

'( ) -1/3h'"'f (( -2/3))v, T, x = 1 [X"'Y- 4/J ] (1 TI .

then {"'Y => {in the'Skorokhod space of distributions as.7~ O. and { is specified

by

(
D 82< 1 J) -d.c =. -- - o~ __ .c dT + .1·Jdw

"- .. 2 8x2 ... ~ 3~ _ v - .

where w is white noise in space and time. If Il > 0 then the initial distribution

- . can be chosen' as A~, thus a description of critical flu~tuations is given. Results of

Bertini-Presutti-Rüdiger-Saada are improved here.

Sieg/ried Graf (Passau):_

Statistically Self·Similar Fractals

A compact random set K in IRd is called statistically self~similar with respect to a

distribution Jl on the N-tuples (SI,'" , SN)of contr~ctive similitudes on IRd if, for'

i.i.d. copiesKt, .. .",KN of K, the random set SI(/<du·· ·uSN(KN) has the same

distribution a.s K. The talk surveyed results· concerning the Hausdorff dimension

and the exact dimension function of statistically self-similar sets. _Moreover, frac­

tal analogues of the" Le~esgue density theoremwere -discussed and the tangential

structure of self-similar sets was described in the dcterministic case.

A ndreas Greven {8erlin}, joint work with D. Dawson . ./. Vazllancourt:

Interacting Fleming-Viot Systems

;\ dass of infinite systems of intcractin~ me~llre-valueddiffusions f:ach with statc~

spa.ce P([O~ 1]), the set of prohahility rncasurt:s on [0.1 Lis consfrl1cted. These sys­

terns arise as diffusion limits of population gcru:tics models with infinitcly rnany

p()ssibl(~ lyp~s of individuals (lilhded hy [0. 11), :-\patially di:st.ribllt(~d ovp.r a c()tlnl~

;Lbl(~ collection of sitcs (c:olonit's) ;uHI t~volvi n~ il.'i foliows. Indi vidl1al~ (an rni~ral(:

.-
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and aft.t:r Clll .'XIHJlwlllial w(\ilin~ Liane iL (:olony replaces its population hy a rww ~en­

eration wlU'f(' t.lu: t.ypes are a...'\signcod by rpsarnpling frollt folie c~rTlpirit:al distrihutiou

ur Lype:s a.t Lhis sit,.e:.

Next t.Ilt~ properties oe t.he t:quilibriutll st.at.es. rr:spcct.ivdy patterns of chist(~r

forrnat.iol1 i( 110 nontrivial equilibria cxist. a.re stl1dicu following thc scheutc or t.he

;'Mult.iple Spcu:e-'l'irne Scalc Analysis~'. This proc:edure associatcs with the sys­

tem in the ~·ln(~a.II-lield" limit a nonhomogeneolls Markov chain with state spacc

P([O. I)). Qualitcltivc propcrtie.s in the longtime oehaviour o[ the system are re­

Rected in strtl~tural properties of this Markov chain.

Another aspt:d. or this analysis i5 to study rigorotlsly the problem of rcnormal­

ization and universality.

At/alte Grunwald (Berlin):

.Sanov Results far Mean Field Mixtures of Measures

We define' the dcpendent meas~~es·underlyingthe annealed dynamics for ~g~ ~her­

ririgton-Kirkpatrick (SK) spin-glass. For these measures we state a Sanov result,

i.e. a Large Deviation Principle (LDP) for the distribution of the empirical measure

in both the ;'field~' and the ~~path~t variables. In the symmetrie case a new order

parameter appears ..

Out result iso ~ased on a method for rnixing large deviation systems by measures

obeying an independen~ LDP. First consequences for the SK dynamics using jump

processes were stated.

Frank den Hollander (['trecht) , joint work with J. lVaudts, F. Redig and P. Sche­

unders:

Lang Time T~iJs rar Diffusions in. Random Media

We give a mini-review of the phenomenon of ~'Iong' time tails" (LTT's), occuring

in autocorrelation functions associated with the diffusion of a particle in a random

medium. A.· LTT is a behaviour of the type

(p(O)p(t)) ~ At-Q

where p(t) is e.g. the \'elocity of the diffusing particle at t.ifTle t~ (.) denotes expecta­

tion of the motion. and .. \. Q' are the amplitude resp. (~xponent of the LTT (;\ 1= O~

0> 0).

After describing; t.ht~ physical origin of LTT"s. we pre.sef1l two rc~sults for a. ralldom

walk {.Y( t) : t 2: O} dn Z'i in a ralldolTl lipid i-V = {H/(:r.):.e E Zti} which has

t.he (~frect o[locaily :-\pt~t~dill~ IIp ()f slo'win~ down l.he Inot.ion. \·iz. I/HI (.\'(1)) is

du: jurop rate (= "\'('Jot:i1.Y~·) 'lf I he randorn willk iLl I in1t~ I. It is shown t.hat ror

p(l) = 1/1-\/(.'((1.)) l.here is iL LTT wit.h:

( 1) fr = d/-L· .-1 ralldorn: ill tht' qllt'lld1t~d (";L.'\(~ (i .t' .• 1F is lixc:d).
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(2) .0 = ,[/.'2. :\ nonrandorn: In the i\l1neal(~d ('ase (i .t' .• il\"t~rCl.l!;t·d oVt'r H/ aJt.cr-'

\Vards).

ilbel J\"lt~ in (I rl'inf~), joint workwilh 11. ,'all IJr,'ifrl.'; anti ./. F. I }t'1'.'I:

Taming Griffiths Singularities

A. proof is givp.n t)f the infinite difrerent.iabilit.y of toht.' rna~n(-'ti~al.i(}n and of all

. qucnched corrclat.iön functions for disordered spin systt'Tn~ at high' temperature or

strong rnagnetic neid in the presence öe Gritfiths ~ingularities. lJniqueness of th.~

Gjbb~ state i1.nd exponential decay of truncatcu correlat ion functions iso also shown.

The proof relies on a new _simple modified high t.ernpera.tllr(~ / low activity ex- _

pansion \vhos~ convergence can be displayed by elementary means (i.e. demcntary •

probabilistic argument~). The results require no assumpr.ions on the probability dis-

tributions or the random parameters, except for the ob\"ious one of 00 percola~ion

of infinite couplings~ and in the strongfield regime [ar t.hc also übviQuS requirerrtent

that zero magnetic fields 'da hot percolate.

Roman. !(otecky (Prafta), joint 'work with L. Chayes and S~.· Shlosman: .

Order Ind,uced by Disprder

We consider Potts models on ci lattice in anneaJed distribution with the Hamiltonian

~ H(n,f!) = - Lninj (bu,u J -1) - ,uLni ~ XLninj.
(ij) i (l])·

-Here the occupation. variables a~e ni= O. 1~ and the spin variables are t7i =:

1, 2~ ... ~ q. The phase diagr'am ,shows a new phase for intermediate values of the

chemical potential J.l and inverse temp.era:ture .3 characterized by. exis~ence of an

. "a~tiferromagnetic" order for the occupation' variables. The existe~ce of this phase

is proven with help ofrefiection positivity or Pirogov-Sinai theory. [t can be under­

stood in t~rms of an effective repulsion of occupied sites caused by 105S of entropy

, if neighbouring sites are occupied. Aphase of sirnilar. type· occurs in a large dass

of site diluted m~delsincludingmodels with continuou.s spin'like the x·y model.

Flora I((~ukio~ (Cergy·and Palaiseau):

Mean Field Theory ofDirected Polymers In Random Media and' Spin­

Glass Models

The ~hermodynalnic:functions and t.he phase diae;rarIl ~Jf t.he Tncan-fidd rnodcls cle~

lil1ecl on horn:)~cneollsgraphs are invPSti~al(~d. Th(~ rnain ohj(~(tsof :-it.l1dy are sorne

~i\tldortl rneasures givp.Jl by it.cral(~d multipiic:'a.tions and ddined on t.he (:onfi~uralioll

spacc. Th(~ c:ase: uf ("ornpl(~x t.erTlp(~ralurr. is ids(~ stlldi(~d.

e·
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VolklltllJ' IJit:b.w:11I:7· (Jt~7HI.) I joint work wilh " .. JI. Fit:hlncr tlnti :V. /Jo...rlltu{,:':

Randorll Pernlutations of Countable Sets and the Bose Gas

vVc~ l:orlsiclc'r tht' position distrihution of t.he (~qllilibrjum st.illes uf aBusc' gas Oll

IRrt wit.1t reSpt'ct Lo t.ht~ IIcullilt.oniall /I = -~ + fi. whcre ~ is I.he Lapliu:iall wit.h

natural houndary ("(>uditions a.nd {i is il suitable pot.ential.

In t.he ('(\.Se of il system with finitely rnany particles we find by using thc Feyn­

man-Kiu: formnla. a. description of t.his position distribution as the result of applying

Cl. clust.cring mcchanism on a Cibbs distribution on a suitable Joop spacc. This

suggcsts tll(~ sarne procedurc in the case of an infinite system, whieh cornes up as

Gibbs problem on the loop space.

For t.he ideal gas (no partic1cintcract.ion) this Gibbs problem has exactly one

soltltion~ which is Cl. Poisson process. Thus the position distribution is in this case

uniquely determined and turns out to be an infinitely divisible point process on

IRd
, the clustering representation of which is given by the clusteting _m~chanism

mentioned above. :;~<'--

The problem of finding back the clusters in the position distribution is equivalent

to the p~oblem of determining a certain rando~ permutation of the realization,

which comes from the ~eprentation on the loop space. For finding this- random

permutation we suggest another Gibbs problem. which has to be solved realization­

wise.

. Christian i\1aes (Leuven):

(Dis)agreement Percolation in the Study ofMarkov Fields

We study the dependence of Markov fields on boundary conditions by taking a

suitabJe coupling. This coupling leads to a new uniqueness condition. Our .~?upling

shows certain similarities to the Fortuin-Kasteleyn representation. "'-

\Ve extend some of the known relations between percolation and the dependence

of Gibbs states on the boundary conditions for Ising ferromagnets to other systems.

Similar results hold e.g. for Widom-RawJingson type models on the continuum 1R2 .

Peler J1ajor (Budapest), joint llJork with P. Bleher:

Renormalization in Dyson's Hierarchical Model

\Ve discussed .one-dimensional equilibrium states in statistical mechanics. called

Dyson's hierarehical model. \Ve considcrcd the distribution of the average spin

01' t.he equilibriunl ~tate in a largc volumc at all temperatures. \Ve are intercstcd

in t.he question for which Harniltonia.ns thc rnodel has Cl phCUiC t.ransition at low

te"T1p(~ratures. Tltis prohlem I(~a.ds 1.0 thc in\'f~sti~ali()J1 o[ t he powers or an intc~ral

operator when applied· to a flillt" iOll which dep(~nds OJl t.be Icmperatucc. There

is Cl hi~h tr.mperature aud Inw I.l~rnperatl1rc~ appro:,<irlliltion oe the 0pt!ralor whieh

f 'l)a bled us to harHlIe l he problt~rn al t 1l(~S(~ I.t~Jll pt:ra,1.u CPS. \V,. also d iSC:1Jss(~d t 11f~ GL"i('

\\"h('rc~ none of these approxiTJliltioJls work.
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:1 nna dc J\1a.'ii (/~ ~J1 quiltt):

Phase Separ~tion and Fluctuations in a Spin System

[ r.onsider t.he Glauher spin Oip dynarrlics with ± 1 ·valtlt~d spin:; inleracting in Z

via Cl l\.a.c potential sc:ah~d by "y < 1. Thc t.emperature is fix(~d helow thc critii:al

(Lebowitz- Penrose) temperatllre and the initial mCClSure is Bc·~rnolllli with zero av­

erage corrcsponding La thc value of the magnetization which is thermodynalnically

unstablc. We (DM, Orlandi, Presutti, Frido) pro\/e that the pure phases ±mß sepa­

rate at times which grow logarithmically in the scaled length of the Kac interaction

and that the separation has a nontrivial spatial structure. Furthermore the lengths

of the clusters are typically of order Jlog ,-I and they are correlatcd. I compare

this spatial structure with the one typical fo"r the infinite volutne Gibbs measure.

In equilibrium thc lcngths of the clusters are typically of order e",.,.-l and they are

uncorrelated. Then I discuss some conjectures and open problems on what should

happen after phase separation.

Roland 11;[eester (Utrecht):

Continuity of the Critical Density in Boolean Models

Take a Poisson process with intensity A in IRd and place a ball with randorn radius

around each ·point. All balls are independent of each other arid the point process

and have the same distribution function F. The critical density of this process is

denote~ by Ac(F), i.e. for ,,\ < Ac(F) 00 unbounded covered components exist a.s.

but for A. > Ac(F) they do. Next, take a sequence Fn of distribution functions

such that Fn => F (weak convergence). Ir in addition the supports of Fn and F are

.uniformly bounded, we show that Ac(Fn) ---+ >"c(F). This also implies the continuity

of the so called "critical covered volume fraction:', the fraction of space covered at

criticallity. We also show that this critical covered volumeJraction does not ~epend

on F, as some physicists argued.

lvfikhaill\1enshikov (Moscow), joint work with S. Aspandiarov and R. Jasnogorodski:

Passage Time Moments for Nonnegative Stochastic Processes and an

Application to Random Walks in an n-Dimensional Quadrant

We consider the problem of finding effective criteria for the finiteness or iofini teness

of the passage time moments for nonnegative discrete-time stochastic processes.

(Here passage-time means time to hit a cam pact set away thc origin.) All criteria

are dosely connected with the w~ll known r.riLerion of Foster far the ergodicity of

~IIarkov chains and are given in terms or semimartingalcs. V.je apply this method

ta rcftected random walks in a.n n-dinlcnsional quadrant. Gur main method is the

construction of Lyapunov fllnctions für sorne ranoam walks. Closely related idcas

\Vcre l1sed in papers by S. R.S. Vilra.c.Jhan ilnti ILJ" \Villiams.

                                   
                                                                                                       ©



·'

•

- I I -

:tluin' ..\'1t:s,·w.!Icr (iHarscillc). I}lU-ag in collabornlion with S. il'/irncJr.-S"I,::

New Phase Transitions in the Falicov~KimballModel

"V(~ cOllHicler t.hc Fillicov -Kinlball model on a square latticc

I/ n = I L: {(7;(;y + C~;(:r} + '2U L: nrltV(x) + I'i L: W(.x) + li,. L: III-T.

(r..u) x r r

whc~n~ (.'; (resp(~ctively C"'x ) is the creation operator (rcspective.ly annihilation op­

eratcuJ ur the d(~d,ron, nr. 'its numbe'r operator' at site x and W(x) is a ranuom

variabl(~ ltV (x) = O. l, denotinK the place of th~ ions.

We p;iv(~ a. new representation of this model in terms of an Ising type model

\Vi i h long ranp;c i Iltcraction. Then we prove the existence of a sequenee of phase

transitions betwecn thc set of phases of period 3, between the.set of phases of period

<1 anc.l I,hen between the set of phases of period 5. These results are valid for large

values of U and small values of J1.i and J1.e'

Robin Pemantle (iYladison):

Intersections of Rand,am Sets

The probability of a Markov process intersecting a set may be· estimated up to a

factor of :2 by the capacity of that set in the lVlartin kerne!. Given such a ker­

nel, a randorn fractal may be constructed such that the probability of tliis fractal

intersecting a set is estimated by the same capacity up to a constant factar (de­

pending on the dimension). Thus the range of a Markov process, such as Brownian

motion, is intersection-equivalent to a random fractal, the latter having ~ simpler

dependence structure.

Charles Pfister (Lausanne), joint work with R. Fernandez:

Quasilocality of Projections of Gibbs Measures "",:%~':

Let p+ be the Gibbs measure of the Ising model on Zd ·with +boundary condition.

LetT be a subgroup of. Zd and J1.j: the projection of J.L+ on the _u-algebra :FT
generated by the spi.n variables (Ti, i E'T. We first construct in a· natural way a

specification on T~ i.e. a family of probability kerneis qt(drlw) indexed by the finite

subsets A of T: so that for any FT-measurable

function f
JJL+(du)f(u} =J/L+(du} JQ%(d7Jlu)!(l/).

A point w E {-I. l} T is a point of quasilocality of thc specification {qt} if for all

hottnded loeal funt:tions J, all :\ C T. lAI< x. thc func:tions w' ......... qt(Jlw') are

continuous at IJJ.

L(~t. 0 7 = {\.I.:::" is a point or quasilo('ality for {q.t}}. \Vc rrovc

a) Il:;' (07) = I or p.;' (n7 ) = o.

h, If in I,he.{)ri~iJlal rnodd dwn' is;1. lIr1iqlJ(~ Cihbs 1()(~a.sl1re t.hen p.;: (n.,) = I.
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Agoslon Pi.r;zloTn( /Vr.W York):

Surface Order Large Deviation B-:haviour of the [sing i\tlodel ror d ~ 3

We consider thc tl-dimensional Ising model in a lar~c box An wit.h fcrromagnetic

nearest nei~hbor interaction iLi. inverse t.cmperatllr~,ri. Let. .\'1:\ •• dcnote t.he magneti­

zation inside An' Assurning that jJ is abovc a.lim~t of "slab thr«'::d!olc.ls·' (c.:onjectllred

to coincide with ,Br.) we derive surface order' ~arge deviation llpper hounds' für m"n,

holding uniformly with +, free and periodic' houndary condition~. This result· is

based on corresponding large deviation results for high-density percolation as weil

as on 'a renormalization 'argument in the context of FK-percolation.

Senja Shlosman (Moscow-Irvine) , joint work with R. Sch~nmann:

News about the Ising Model

We study the following question: How lang does it take t.o relax to the (+) phase

for the Ising model in positive magnetlc field h, if one starts [roln the co·nfiguration

(7:: -1. ,We consider'the 'usual Glauber dynamics. We show that if we take a finite

box of the size B / h with B > Bcr(T) and ~ait the time t = exp {;\/h} then for the

two-dimensi"onal system, as h 1 0, we will observe (-) phase if .\ < Acr(T) and (+)

phase if ,\ > Acr(T). The quantity Acr(T) is given by

where Wr is the surface energy of the unit WuHr droplet at temperature 'T~ and

m*(T) is the magnetizatio~. The result is valid for all T < Tcr '

For the infinite system Acr(T) should be replaced by :JAcr(T.); th~ last statement

is a plausible hypothesis as of today.

Herbe.ri Spohn (München):

Bulk Diffusitivity of Lattice Gases Close to Criticality

Lattice gases are specified through a finite range Hamiltonian Hand nearest neigh-

bor exchange. rates c(x, y~ '1) satisfying the reversibility condition e
The bulk diffusitivity is deflned hy D =. u/X, where

x =L ((17(X)TJ(O)) - gl)
J.

with (.) the Gibbsmeasuf(~ for 11 wit.h fixed dcnsity '.! und" is ~ivf~n in t.enns of the

variational formula
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Joilll.ly w.it.1t H.T. Yall I provc Cl lower hOllnd ur l.he ronn g( I - y)t1'_ ~ tT wilh

(1 _ > 0 allel ind(lp(ludcrtl. ur the dl'nsity. 'rhis rt"sldt. irl1pli(~s thaI. I.lw dilfllsil ivity

van islws (lxa.cI,ly i\."'; \' ··1 d()st~ t.u criticallit.y (critic:al slowin~ down). Ont! sIllall pi,"n~

of t.ht' nHl\!(·ut.ioual \-an Ilove t.heory is thereby \"C'rj(ied .

.leffrr.y Slt:ij (GÜlcborp), joint work with Bob Burton:

Failure of the Variational Principle far Gibbs States on Trees

On Zd. thc variational principlc of statistical mechanics states that für all translation

invariant mcasurcs 11. on {±l}zd H(p.) -e(p.) '5;_P withequality.if and only if J.t is a

Gibhs st.atc:- lIen! fl(J-l) is the entropy, c(JI.) the energy, and P the p·rcssure. Ir T is

_a hOlnogen(~ous :l-ary trce and ± 1 a.re the spin va-riables: one can show t.hat cntropy!

energy and pressure can all he defined although these can depend on houndary

conditions sincc surf~cc/volume·f+0_'

On T ~ the spa:ceof all nearest neighbor interactions invariant under all automor­

phisms of T is :3-dimensional (after modding out by adding constants. w~!he pair

and single spin interactions). Then one can assume that the only int.era::tions are

given by -J2:(-~·Jd 'which is theenergy für 2 adjacent 1's (-1 '5) and an.:external

field h.

Theorem Let S be the surface in IR3 = {(.!t, J2 , h) : J1 , J2 , h real} given by

e J1.+h -e -h _ e h +h + eh = o.

(a) If (.11, J2, h) ~ 5, there exists a homogeneous measure J-' with H(J-') -:- e(tl) >
H(v) - e(v) for all homogeneous v_ p. satisfies H(p,) - e(j.J.) < P and is not a
Gibbs .state.

(b) If (lI; J2 , h) E SO, ihere exists a homogeneous measure p. 'wilh H(p.) -:. e(p) >

1[(1/) - e(v) for alt hom09.eneous v. J.L satisfies H(j.L) --e(p.} = P, and is a

Gibbs state.

Thomas Strobel (Bonn):

Interface Motion in a Planar Spin-Flip Mo'del Derived from One­

Dimensional Exclusion on the Line and the Half-Line

. \~·e derive t.he nonlinear equation'

8€p ~ I~:il
iJt· = 2 I + ,- ~I~ - "Y 1+ 1;::,'

....Ir! ·)x I
ror t he interface h{~ight of a two·dirrH~nsional spin· flip rnodd in the hydrodynarnic

lirllit. Iluder se\-r.ral initia.l cori(!itiofls rrorn rf!stdts fLhOlil. t 11f~ one·dimensiol1al asyrn.

IlH:t.ric (~xclusiol1 process and OIW oJllllodification~.

rhe spin·(Jip fuodel is a. lirnit c,f Isill~ dyncllrJics rur I.(J\V tClnp(~ratHf(~ and snlall

Ilortzero (~xt.ernill fidd.
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{)oTTloko.'i 8:(18: (/11ulapcsl). joinl work wilh';V. Si1111inyi:

Ergodicity ?f Cylindrical Billiards

Thc first rt~stllt is thai. t.he. Chernov-Sinai pencase, i .t'. a. quasi ')(H~-dimensi()Jlal

system of IV hard balls on Cl.n elongated li-dimensional t t.)rus (for geornet.ric rea.sons

v = 2,:1 or 4) is a K-systcm.

Tbc next result. conccrns a billiard on the 1~torus, 1['4 with two eylindric scatter­

ers: Cl == i\l X ßl~'C2 =.-\2 X 8 2 , where AI~A~ are the cOllstituent snbspaces (lnd

8 1
,' 8 2 are two~dimensiorial balls supported in subspa('(~s I} 'and L"2 respectively,

orthogonal to Aland A2~' -

Then, ir ~im (A 1 n .42
) = 0 and Al ..L L2 , this billiard is K. The proof illustrat~s

two fundamental difficulties a~ising when one t.ries 1,0 ptove the ßoltzmann-Sinai.

ergodie hypothesis. The first one is connected with degeneracies of certain algebraic e
expressions whereas the second ODe iso connected with the transitivity over Sd-l of

certain subgroups of SO(d) generated by some of its subgroups.

Alain-Sol Szniiman' (Zürich):

Off Diagonal Behaviour for Brownian Motion ina PoissoniaJ'.1 Potential·

We con~ider a Poissonian potential

V(.).= L W(. - xd
i

where W ~ 0 is bounded compactly supported no-t a.s. equal to zero. \Ve describe

certain criticallarge deviation properties of q~enched and annealed B~ownian mo­

tion in this potential. These large deviation results involve two families of Lyapunov

coefficients.

We discuss some applications to the large time off diagonal asymptotics of the

kernel of e l t~-V(.), as weil as to the case where Brownian motion is replaced by·

Brownian motion with constantdrift. In the latter case, both for the quenched and

the annealed situation, there is a tran~ition of regime between small. drift and large-

_drift behaviour. The direction dependent c"ritical size of the drift can be expn:ssed

in terms of the Lyapunov coefficients. e
Balint T6lh (Budapest):

Generalized Ray-Knight Theory and Scaling Limits ror Self-Interacting

Random Walks

Let w :_ N u {O} l-+ R+ be a weight function. \Ve consider a. nearest neightbour

random walk on Z with

.Prob(jump along i~n ed~c) '" w( #prcviq,is \.·isits to t.hat f~d~e).

Thc concrele cases considcrcd wef(~ w(n) ....., (n + A)'· with a E (0.1) {wcakly rein­

f~rc:edJ, (} = 0 [finitcly reinfon:edl and 0' < 0 (self repd)in~l. L(:t

Lk., = # (0 -S j < ll·\') = k + 1. '\',-rl = k}
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h(~ t.llt' t'd~C' Itlcal .. iIlH~ process of t.ht' rand0l11 walk aud t,IH~ s"oppill~ t.inH'

T".,n = inf {ill. k •, > 111} •

D(~filU' 1.1J(~ J)I'OC(~SS ·'h.rn = LIc-I,'J'It"n', I t: Z. This is t.hc llsual shift.ed l«>ca.1 tinte

process cortsidered in Ra.y -Knight dlcory. \·Ve proved fllnctionallirnit thcorenls for

thes~~ pr()n~sses in the following scaling linlits.

~~·[,-lzJ,(.o\l/(l-")IlJ(A·)o < (} < I: I

Ar=;;

Q =0 }: Sr ..bJ.[MII(.:'·)

Q' = I A

rrhe lilTlit. processes \V~re given cxplicitely.

Ivlaria Eulll/ia Vares (Rio de Janeiro), joint work with C;. Lantiirn and 11. Sidoravi­

cius:·

Some Exponential Estimates far Gla~ber+ Kawasaki Dynamics

We consider t.he superposition of a loeal Glauber dynanlics and a speeded'~up (iV2
)

symmetrie si?1ple exelusion process on X:v = {O. I}T"" '. TN = {O, l, .. ~1-'lV - I}

_ (torus). 'This model has been studied sinee sever~lyears (also in infinite volume),

it is weIl known to present propagation of chaos. being maeroseoplcally described

hy areaction diffusion equation

1
ed! = 28;g + G(~).

We are now interested in the ~eseripti?nof ~'tunneling times" , i.e. if G(e) =:.-V'(g)
with V a doubl~ weIl potential 6ne starts with BernouUi(m_), m_ being one of the

stahle points and consider the first time the density is "far:' fro~ m_ (ar ,dose to

the other stabl~ point). For this we ar~eombining eoupling methods (to,,~et lass

of memory) \Vi th a good lower bound for such time. For the moment we have an

estimate which allows us to see that e:V
6

(<5 suitable) is a lower bound, but also

that up to this time the process follows very closely (scale lVo: a < 1 suitable) the

deterministic discretized equation. Bei ng an' estimate which allows us to, look at

smaller scales. it gives us somethin~ better t.han what we could have with.our usu.al

large deviation estimat-es. The hasic estimate comes also frorTt an idea present~d in

a preprint ~f 'r'au (metastable hehaviour or GI.. model with eonservation law) for, a

different model. The rcsult (hasically) is:

Theorem Therr: (;xisiH po;;iiil.'(' NJnslfLllls (j fLnd (~. dr.{Jf:llding OTl lhe .G'laubp.r raies

:.. () thal

I.~. >' (\;'l./'Jq "11. fT!I)""" (' (:1:-iHp ~'I supe xp. JiT/t - fI; _Ic~ :.::: ·C' •

TI ,.St·

,cllt,rr. IL i.., ihr: ..;olulion oj Iht' ";',\t:,,('[i:(:(1 "qlltl!iOIl ..;lurliu.f/ al 'I. anti 1I11!l:'1
((I '.:.,. .V'l~ 'I-I U. ll). ~ IJf:in!/ Iht' ,J~.o;t:r"'(: I.apiacian.

\V(~ an> sl.ill \\;orkill~ wir h nHlplill~ !(J pron> t.tJ(~ (·xpolH'rtl.ialil..\' ur t.Ilnfldill~ l.inu~.
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Wolfi/lln..'! lV",:ss (Atlilfl.no):

Randoln Walks on a Hierarchical Tree

COflsider dIe hOr'Tlo:L!;cneous 't.ree T with its boundilry· irl; ('"(~tl~ls") Clnd I.h(~ llsual

t.opology ·tha.t rnakes rf U iJT (:onlpact. Selcct one bO,!'ndary IH>lnt w ;uld draw a.

pictu~eof'[ in horizontal laycrs (horocycles): w is t.hc "nlythol()~ical ilncestor~', itnd

the k'lhhoroc.:ycle-Ilk ·is the k't.h' .1~cneratiQn; eadi member has q sons in thc next

h~ro~ycle ilk + l (q + 1 is 'the degree of T). Every h~rocy.cle is 'infinite, The affine

group of ~r, G = AFF(T), is the group of isometri~s of T. ~hich preserve this .hier-

- a.rchy. Evcry 9 E G lnaps horocycles Lo horocycles; hence there is a homomorphism

. <1>: Cl~ Z such that gJ/k' ~Hk+~(g)~'

Now let, .\i, }(2, '..., ~e a sequence of i.i.d~ G valu~draridom variables (transfor- '

:mations of T). C6nsi~er the right ~nd the left random walk .

-·Their beha~iour can' be studied' in terms of the -tree. Under suitable moment coo­

ditions on.Y'l the following results are:obtain~d: ..

I) Almost s-!lre_conyer~e~ce~f fln Oto· 8T in the topology o(T u 8r.

11) A law of large nu~bers for d(l},Rn/J).

III) A ceiltrallimit theorem for d(O, RnfJ).

(and.others ).

A'crucialpoint is the st~dy of the -proj·ected·ran_dom, ~valk ~(Rn) on the integers.

Milos Z~hradnik (Praha), joint· work with P. Holicky:

Stratified Low Temper-ature Phases of Spin Models

. We develop. a new version of th'e Pirogov-Sinai th~ry süitable ror dealing with

.these situa:tions. Examples of models ~o which our method applies incl~?e

(1) Phases of Dobrushin '5 type (1973)with a rigid interface

(2) Various examples of a ~'rigid wetting" situation appearing either in the whole

lattice Zll~ or in a half-Iattice or a layer.

(:J) Isinj;rtype ~odels with an additi?nal random field which is ~~stratified" in the

sense that il depends only on thc last coordinatp. tv of t E ZV ..

\Ve' c:onsiuer the model in dinlension v 2: :L O.ur forrnulation or thc P.S. theory

. flppli(~s to the study of aB stratincd phascs for a general stratificd Hamiltonian..-. ()ur

rnain t.hcon~m transforrns .. he prohl(~,n ,')f findin~ "stahle stratified {"onfi~urations'~

(giv.in~ ris(~ t.o a Gibhs stil,te whose a,llnost illl c()nJi~tJrations a.r·(~ "(~xtcrnally (~'qual". .
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1.0 il .~i\'(·fl (·ollli~lIral.ion) to a prohlern of tinding ground stat(·~ 01' SOIIt(' allxiliaq··

ouP-tI iIrH~IISi()Ila.1 Isi IIg tyP(~ rnuelel.

Berichterstatter: Volkmar Liebseher
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