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Abstract

We consider an infinite system of hard balls in R¢ undergoing Brownian motions and submit-
ted to a smooth pair potential. It is modelized by an infinite-dimensional Stochastic Differential
Equation with an infinite-dimensional local time term. Existence and uniqueness of a strong so-
lution is proven for such an equation with fixed deterministic initial condition. We also show that
Gibbs measures are reversible measures.
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1 Introduction

The aim of this paper is to construct and analyze an infinite system of interacting hard balls
undergoing Brownian motions in R? and starting from a fixed initial condition.

R. Lang ([Lan77]) constructed in a pioneer paper the reversible solution of an infinite gradi-
ent system of Brownian particles (balls with radius 0, i.e. points) submitted to a smooth pair
interaction. It is a so-called equilibrium dynamics in Statistical Physics, since this process has a
time-stationary distribution. J. Fritz solved some years later in [Fri87] the non-reversible case,
which occurs when the initial distribution is no more Gibbsian. For this type of systems, the main
difficulty comes from a possible explosion (i.e. an infinite number of particles can enter in a finite
volume after a finite time).

On another side, a reversible system of infinitely many Brownian hard balls (without external
potential) was studied by H. Tanemura [Tan96]. He constructs a unique solution to an infinite-
dimensional Skohorod type equation where the hard core situation — balls can not overlap —
appears as a local time term in addition to the basic Brownian motion. The (reversible) initial
condition is ditributed like a Gibbs measure associated to the hard core potential.

In the present paper, the model is a mixture of both Lang’s and Tanemura’s models. We

deal with Brownian motions submitted to the sum of a hard core potential and a smooth finite
range pair potential. In [FR00] we proved existence and uniqueness of a reversible solution of the
corresponding stochastic differential equation (£), under the condition that the initial distribution
is Gibbs with a small activity. We propose here the construction of a strong non-reversible solution
of (£), in the sense that the initial condition can be any deterministic configuration in a set of
allowed configurations which is clearly identified.
Allthough some techniques in the proof of the main results are similar to those in [FR00], we
adopt a new pathwise approach for the construction of the solution of (£) which is much finer
than in [FRO0], where the time-stationarity of the solution was used at several places. Moreover
the set of allowed initial configurations is explicitly given in Theorem 3.2, and we prove that any
Gibbs measure associated with the dynamical interaction carries a.s. this set.

After a second section where notations are introduced, in section 3 we present the infinite
dimensional equation (£) and we state the results. The sequence of approximating solutions is
built in section 4. In section 5 we prove technical estimates needed in section 6, for the convergence
of the approximations. Finally, section 7 is devoted to complete the proof of the main results.

2 Configuration spaces and notations

The particles we deal with in the present paper evolve in R%, for a fixed d>1, endowed with the
euclidian norm denoted by | |. B(y, p) will denote the closed ball centered in y € R? with radius
p and more generally, for any A C R?, we define

B(A, p) = {y € R? such that d(y, A)<p}

where d(y, A) denotes the (euclidian) distance between y and A. The volume of a subset A in R?
is also denoted by |A].

The modelization of point configurations may be done at least in two ways.

The first possibility (used in Mathematical Physics) is to represent an n point configuration
in R? as a subset (with multiplicity) of cardinal n in R?, that is as an equivalence class on (R%)"
under the action of the permutation group S,, on {1, ...,n}. This modelization is especially useful
for integral calculus.

The second and equivalent (more probabilistic) modelization uses point measures. An n point
configuration in R? is also a point measure Yoy 0 on R? and, more generally, the set of all
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point configurations in R? will be the set M of all point Radon measures on R? :

M = {§ = Z(S& such that I C N, & € R? and YA compact in R? | £(A) < —l—oo} )
i€l

Following the first representation of configurations, M will also be viewed as the set of all finite
or countable subsets (with multiplicity) of R? whose intersection with any compact subset of R?
is finite. M is endowed with the topology of vague convergence. We introduce the following
notations :

e For A C R% Ny is the counting variable on M :  N4(¢) = Card{i € N, & € A}.

e For A C R%, By is the o-algebra on M generated by the sets {Ng =n},n €N, BC A, B
bounded.

e For z > 0, 7% (resp. 7%) is the Poisson process on R (resp. on A) with activity z, that is
with intensity measure z dy (resp. z dy|a).

e 7 (resp. m4) is the Poisson process on R? (resp. on A) with intensity measure the Lebesgue
measure dy (resp. dy|a), i.e. 7=n'and 74 = 7.

The particles we deal with in this paper are not reduced to points but are hard spheres (or balls)
of diameter r, for a fixed r > 0. Since balls may not overlap, the set of “allowed configurations”
is the following subset of M :

A = {¢ € M such that Vi # j & — &;|>r} .

As long as it does not produce confusion, we will identify the point measure on R?, the subset
of RY corresponding to its support, and the representants of this subset in (R%)N, writing for
example €4 = £ N A for the restriction of the configuration & to some subset A of R?, &n for the
concatenation of both configurations ¢ and n, or A N (R%)" for the set of all allowed n points
configurations.

Let us denote C(R™, M) the set of continuous M-valued paths on R™, endowed with the
topology of uniform convergence on each compact time interval. C(RT, M) is the set of all
possible paths, and the subset of all allowed paths is

C(R*, A) = {X € C(RT, M) such that Vt>0 X (t) € A}.
Sets C([0,T], M) and C([0,T7],.A) are defined similarly for any positive final time 7.

Remark 2.1 : We study here the evolution of a particles configuration under the influence of
an interaction potential with finite range R. Then a fixed particle can interact with at most a finite
(Rtr/2)8 4 _

(r/2)* -

number N of particles. N only depends on d and R/r and is clearly bounded by
(1+2R/r)% — 1. See figure 1.

3 Statement of the results

Let (2, F,P) be a probability space with a right continuous filtration {F;};>¢ such that each
F; contains all P-negligible sets and let (W;(t),t>0);en be a family of Fi-adapted independent
d-dimensional Brownian motions.



Figure 1: Example : Why N = 18 if d = 2 and R = 2r.

We consider the following infinite system of stochastic equations :
( Fori e N,tc R,

1 t
] KO=XO W0~ ZN /0 Vo(Xi(s) — X;(5))ds

Y / (Xi(s) — X;(s))dLij(s)

\ JEN

where
o (X;(t),t=0);en is a family of continuous A-valued processes, i.e. satisfying

| Xi(t) — X;(t)] = r fort>0andi#j

e ¢ is a smooth stable pair potential with finite range R;

o (Li;(t),t=0); jen is a family of non-decreasing R*-valued continuous processes satisfying :

t
Lz‘j(O) = 0, Lij = Lji and Lij(t) = /0 ][\Xi(s)fXj(s)|:r dLZ‘j(S> .
By convention, we will always take L;; = 0.
A solution of the system (€) is a family (X;(t), Li;(t),t>0,14,j € N) (or simply (X;(t),t>0);en)

of processes such that the equation (£) and the above conditions are satisfied.

The process (X;(t),t>0);en evolves under a dynamics which contains a Brownian part as
diffusion term and a drift modelizing a pair interaction which derives from the action of two
potentials :

¢ a pair potential, function on R? of class C? with finite range R > r, i.e. satisfying ¢(x) =0
if |x|>R and ¢(z) = ¢(—z) (then V¢(0) = 0).

¢ a r-diameter hard core pair potential defined by 1(x) = +oo if |z| < r and ¥(z) = 0
otherwise.



Since the dynamics only depends on the sum ¢ + 1, which is infinite for |z| < r, the values of
¢(x) may be chosen arbitrary for |x| < r. In particular, we may assume without restriction that ¢
vanishes in a neighborhood from 0. For the same reason, the smallest value of interaction between
two particles is given by

This quantity ¢ is important in our study, in particular if it vanishes (repulsive potential) or if it
is negative (partly attractive potential).

We now define the set G(z) of Gibbs states associated to the potential ¢ + 1 with activity
parameter z € R (see e.g. [Geo79]). They are measures on M which are locally absolutely
continuous with respect to 7% in the following sense :

For each compact subset A of R?, let us define a local density function by :

fite = Zrzew(—5 X (v -6 - X e+ -m)

§i 6§ EA 1IN
i#j n;EAC
1 1
= 7 La(€anac) exp ( 3 Z (& — &) — Z P& — Uj)) (1)
z &g iEN &EA
i#] myEA°

where Z" is the renormalizing constant determined by [ f7i(€ln) dri(€) =1, ie.

+oo
s 2
Z3 = e A (1+§ ] /A La(y1 -+ ynac) exp (— > elyi—y)— ) w(yi—nj)) dyl---dyn>
n—1 H n

1<i<jsn 1<isn
njEAc
Definition 3.1 A Probability measure 1 on M belongs to the set G(z) of Gibbs states with activity
2 and associated potential ¢ + 1) if and only if, for each compact subset A C R?,

dp(§|Bae)(n) = fR(Eln) dwX(§)  for p-a.e. n

that is if and only if, for each bounded measurable function F' on M

[ o anin = [ [ P siteln) dnice) dut)
:/ iw F( c)Jri:.o‘zn/ Fly - ¢) Ta(ys--- ¢)
o (P + X2 5 P Tato

eXP<— > wwi—u) - Y @(yi—nj))dyr--dyn)du(n)-

1<i<jsn 1<in
T]]'GAC

Remark that any Gibbs measure in G(z) has its support included in A. Dobrushin proved
n [Dob69], using compactness argument, that there exists at least one element in G(z) when
the potential contains a hard core component. Furthermore the set G(z) is convex and compact.
About the cardinality of G(z), remarking that the sum of the hard core and the smooth potential
¢ is superstable and lower regular in the sense of Ruelle [Rue70], we do the following remarks :
- If 2 is small enough Ruelle proved that uniqueness holds. In our case, a sufficient condition
would be : z < eNe7Y(|B(0,7)| + [ L cpy<rll — e ?W|dy)~1
- For z large enough it is conjectured (see [Geo79]) but still not proved that phase transition
occurs : Card G(z) > 1



The main results of this paper are the following theorems, proved in the next sections.

Theorem 3.2 The stochastic equation (€) admits a solution with values in A for any determinis-
tic initial configuration which belongs to the set A C A defined by A={x € A : P(QFNQT7) =1}
(sets QF and QF are given in (14) and (22) ). This solution is unique as element of C C C(R*, A),
a subset of paths with some regularity defined in section 7.

Theorem 3.3 If the initial configuration of the stochastic equation (£) is random with distribu-
tion p € G(z) for some z > 0 and u(A) = 1, then this solution is time-reversible, that is its law

18 invariant with respect to the time reversal.

exp(QNE)
(R —r®)|B(0,1)]

Proposition 3.4 Let z. be a critical value of the activity given by: z. = Any

Gibbs measure € G(z) with 0 < z < 2. has its support included in A.

Remark 3.5 : The critical value z. given here appears for technical reasons in corollary 5.5,
where a percolation type estimate is computed.

4 Construction of approximating processes

The solution of (£) will be constructed as a limit of approximating processes (X!)jen+. We
construct here an approximation by penalization. In this whole section, [ € N* is fixed.
The approximating process X' verifies :

e if X!(0) does not belong to [—1,1]? then X}(-) is constant

o if X!(0) € [~,1]% then X!(-) “essentially” stays in [~/,/]? (in a sense which will be clear at
the end of the section).

In order to obtain such a behavior, we introduce in the equation (£) a supplementary drift
Vb X(0) which vanishes in a subset of [—,{]¢ and is repulsive outside of [, /]%. More precisely,
for an allowed configuration 1 with support outside [—1,1]? we fix a RT-valued function "7 on
R? which

e is C2 with bounded derivatives

e vanishes on every y € [—[,]¢ such that yn = {y} Un is an allowed configuration (and only
on these y), that is

Py) =0 & yel-L)"andyne A & ye -] and d(y,n)>r .

We extend the definition of ¢! to configurations 7 € A not necessarily belonging to (([—1,1]%)¢)N
by taking into account only the points of 1 which are in ([—1,1]%)¢, i.e.

¢l,77 — ¢l7nﬂ([_l7l]d)c .

We also suppose that, for every n € A,
Z / Lyin(y)>o exp(_¢l’n(y)) dy < 1. (2)
len» /R

Such a family (1)"7);en+nea exists; choose for example " (y) = 1971§(y) where 6 is a C2
function with bounded derivatives which is equivalent on R? to d(-, A~ B(nae, r)) with A = [, 1]¢
(see [Ste70] p 171), that is which verifies :

3C,C" > 0 such that Vo € R?  C d(z, A~ B(npe, 7)) < 6(z) < C" d(z, A~ B(npe,r)).
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Figure 2: The grey area represents the set where ¢ vanishes.

For n € A still fixed, and for n € N*, let us now study the n-dimensional stochastic differential
equation :

Vie{l,...,n}, Vt=0,
axi(t) = dWi(e) 5 [ TeCG) + 3 VelXilt) - X (1)
j=1,...,n
(e
£ 3 Vel ) |
+ : (Xi(t)—)g};)e)[\d%j(t)

By a solution of (57{;77), we mean a family <(Xi)1<,<n, (Lij)1<¢7j<n> of continuous processes such

i#]
that
o Vt>0 (X;())1<i<n € AN (RY"

o Vi,j Lij=Lj
t
o« Vi,j V20 Li(t) = /0 L (5)-x;(s) 1= ALij (5)

(&l{") is a finite dimensional stochastic differential equation reflected in A N (R%)" with drift
—%Vﬁf{n where

B (1, ) = Pt Y ewima)t Y e | @)
| p:



Since this drift is bounded and Lipschitz continuous, the equation (&l{n) has a unique strong
solution for each initial configuration 2 € AN (R%)" (see theorem 5.1 of [ST86]). We will denote
this solution by X" (z, ).

l,?’] lﬂ?

Proposition 4.1 The solution of (& ’77) with initial distribution vy’ is reversible, where vy s

the finite measure defined on (R)™ by
du,l{"(xl, cey ) = exp(—ﬂfl’”(:cl, cosy)) Tg(ze, ... xn) doy ... dzy,

The time reversible law of X" starting from V5" will be denoted by Qn b
QL"(© / P(Xm (1, ) € ©) dvk(x)

Like V,l{", the finite measure Qi{" is not necessarily a Probability measure.

Proof of prop 4.1

In thls proof [, n and n are fixed, hence we drop the indices and simply write 3, v, @ for l’"

Ui QLN ete. Again by theorem 5.1 of [ST86], the stochastic differential equation

Vie{l,...,n} Vt=0
Xit) = X0+ W)+ [ 30 () = X)) Ly (o)

Lij(t) = Jo T o), (s)|=r ALij(s)

has a unique strong solution. Let P* denote the distribution on C([0, T}, AN (R%)™) of the solution
X starting from z € AN (RH™. Tt is known (see e.g. theorem 1 of [ST87]) that the measure
P = fAm(Rd)n P"dz is invariant with respect to the time reversal 7 on [0,7] :

r: C([0,T], AN (RY™) — C([0,T], AN (RY))
X() — X(T—')

Applying Girsanov theorem, we see that the process

t n
t — | Xi(t) — X:(0) — / > (Xi(s) — X;(s))dLij(s Z/ ViB(X
0 “
7j=1
is a Brownian motion under the measure Q defined on C([0, T], A N (R%)™) by

dQ* _ 1 ! s))|? ds
e ¥ / VA (5) aWils) 5 [ VB () d

for each x € AN (RY)™.

As consequence, Q7 is the distribution of the unique strong solution of (5 ) starting from x, and
Q= An(Rd)n Q" dv(x) is the law of the solution with initial distribution v. Using Ito’s formula
applied to the smooth function 3, we can compute the density :

dQ

1
TR 00) = exp (=5 (IX(0) + AX (1)

T
= /0 >0 ViBX(s)) (Xils) = Xj(s)) dLij(s)

n /0 ' (izﬁm)) - ;\WX(s))F) ds)

8



Since P and dQ are invariant with respect to time reversal 7, () is time reversal invariant too,
which exactly means that the solution of (5 ) starting from v is reversible.

The finite measure Ml{n on (Rd)” is an approximation, up to a renormalization constant, of
the distribution of n particles under (p + ¢)-interaction in [—I,1]¢. We now define a Probability
measure 5" which will represent the distribution of a random number of particles in [, {]?, this

number following a Poisson distribution with intensity measure z dy.
+00

Let us consider the direct sum U(Rd)” (by convention (R%)? = {0}) endowed with the
n=0

+o0o
product o <H Bor((Rd)")> of the Borel o-algebras on the (R%)™. The Probability measure 7"

n=0
“+oo
on U (]Rd)” is given by :
n=0
“+o0o
VAg X Ay X -+ X Ay X -+- € HBOT((Rd)n)
n=0 B (4)

H@"(onAlx--%AnX-“):eiZ iVﬁin(An)

+oo  n
where ZL" = o2 Z Z—' VET(R™) (with the convention 15"7({@}) = 1). Similarly, consider
n!

n=0
+0o0
the Probability measure on U C(RF, (RH)™) defined by
n=0

—z24]d +00 o

> 2 a@ine) = [ P (X ) € 0) dulo(a) .

n=0

L,n _
Qz (@) - Z,lz’n

This Probability measure is time reversal invariant, thanks to proposition 4.1, and has its support
included in A, as a mixing of A-supported measures.

Finally, let us randomize the external configuration 1 and consider the following infinite di-
mensional stochastic equation

Vi € N such that x; € [,]]¢ Vt=0

X0 =t wit) [ (Ot + X Vxts) - X | as

J

@ s Y[l - X arh

{jizjel- ll]d}
Vi € N such that J:Z [ 1,1% X)) =
Vi, j Ll = Léz" , ( ) =0, Lﬁj non decreasing

t
and Vt>0 Li(t) = ][ziG[l,l}d][ij[l,l]d/O ]I|X£(s)fXJl.(s)|=rdLéj(S)

Remember that 1/"® only depends on x N ([—/,]%)¢, so that this dynamics is Markovian. For each
deterministic initial configuration 2 € A, the equation (£') has a unique strong solution (X%, L)
since it reduces to the dynamics of (£5") with n =z N ([—1,1]%)¢ and n = Card(z N [~1,1]7) :

Xbr() = XA Card@N (A e with A = [, 1]



5 Probability of “bad” paths

In this section, we want to prove that the probability of “bad” trajectories, i.e. trajectories of
particles which interact too much, vanishes asymptotically when [ — 4o00. We will use this result
to construct the limit of (X%®); in the next section.

Nice paths are w’s such that each particle interacts only with a finite number of particles during
a finite time interval ; X“®(w) is then the (unique) solution of a finite dimensional equation. Bad
w’s are paths such that at least a particle interacts with a great number of other ones, either
because it moves very fast, or because it belongs to a large chain of particles where each one
interacts with its neighbors.

To simplify, we restrict the study of the paths on the time interval [0, 1]. It is obvious that
all the results in the sequel hold true on any time interval [0, 7], T>1, up to a change of the
constants.

5.1 Probability of fast motion

We obtain here an estimate of the probability that a particle moves “too fast”. In order to
establish this estimate, obtained in prop 5.2, we first compute the probability of fast motion
between two fixed bounded domains in R%.

For every bounded subsets Ag and A; of R? and every e > 0 and 6 €]0, 1], let Fm(Ao, A1, ¢, 9)
denote the event “at least a particle goes from Ay to A; with an oscillation greater than € in a
time interval smaller than §”, i.e.

fm(AQ,Al,E,(S) = {X S C([O, 1],./4), di s.t. XZ(O) € Ay, Xl(l) € Ay and w(XZ-,é) > E}

where w(X;,0) = sup |X;(t) —X;(s)| is the usual modulus of continuity of the path X; on [0, 1].
[t—s|<d
0<s,t<1

Lemma 5.1 For each Ay, Ay bounded subsets of R? and each e > 0, § €]0,1], we have :
VieN* Vne A VneN*
Qu(Fm(Ao, Ar,e,9)) = / P(XM(2,) € Fm(Ao, Av,e,6)) dv; (x)

<4ln e N2 i (R

52 _ahly
exp <_55> / (IAO + IAl)e 4 ndy (5)
Rd

| =

and
Vie N* Vne A

N\, 1 2 M
le’"(}_m(Ao,Al,e,d))) < 41 z e 2NV 5 exp (—;) /Rd(IAO + IAl)e_wl "dy (6)

From this lemma proved below, we easily deduce an estimate of the probability under Qi’n
that a particle starting from B(0, K) moves too fast. For every K € N* ¢ > 0 and ¢ €]0, 1], let
Fm(K,e,d) be the following event :

Fm(K,e,8) ={X € C([0,1], 4) s.t. Fi, X;(0) € B(0,K) and w(X;,d) > ¢}
Proposition 5.2 The following upper bounds hold :
VK e N* Ve>0 Vi€]0,1] VIeN* Vned

_ 2
QL(Fm(K,e,0)) < nCye 2N¢ ij_il((Rd)nfl) % exp (—26) K
_ 2
Q(Fm(K..8) < = Coe e L exp (—65) K

10



where Cy is a constant depending only on dimension d. And similarly one has :
VK e N* Ve>0 V6€]0,1] VIeN* VYpneA

_ 2
QYNFm(K,e,8)) < 246 n e 2N2 Jb1 (RT)"1) % exp <-§(5> / e VW) gy
Rd

_ 2
QL (Fm(K,e,0)) < 246 z e 22 % exp <—5> /dewl»n(y) dy
R

Proof of lemma 5.1
We first need an estimate of Q4"(Fm(Ag, A1, e ,0)).

Let (Xbmm, Lbn™) denote the unique strong solution of (8 ') starting from vh . and recall that
the distribution QT;" of X5 is time reversible on [0, 1]. By construction the processes :

Wi(t) = X177 () — X277 (0) / VLX) ds

t
/ X (s) — XU () dLL(5),
0
j=1,...n
1<i<n, 0<i<1

and
—~ 1 1
Wi(t) = XL (=) = X0 + 5 [ vialontan(s)as
1 )
[N @) = X ),

7j=1,..n
1<i<n, 0<t<1

are both n-dimensional Brownian motions starting from 0. Remarking that
1 —~ —
vee 0,1 XM - XM (0) = (W(t) WA -t) - W(1))

and using the equality in law between (X77(1 — ), /W) and (X5"", W), we obtain :

Qi"(Fm(Ag, Ay, ¢, 6))
Ji<n s.b. XM (2,0) € Ag, X (x,1) € Ay and
= / P sup |Wi(t) —Wi(s) + W1 —t) = W(1 —s)| > 2 | d(x)
(R

[t—s|<d
0<s,t<1

< /P Ji<n st XU (2,0) € Ag and  sup  [Wi(t) — Wi(s)| > ¢ | dv"(x)
[t—s|<d
0<s,t<1

*/ P | 3i<n st X" (x,1) € Ay and  sup [W(t) — W(s)| > e | dvb(x)
[t—s|<d
0<s,t<1

< /P(Elign s.t. z; € Ag and w(W;,8) > ) dvl(x)
+ /P(Elién st z; € Ay and w(W;,8) > ) dvl(x)

The right hand side is smaller than

n

> U@ € Ag) P(w(Wi,6) > )+ > vh(zi € Ay) P (w(W;,0) > €)
i=1 =1

<n P(w(Wi,d) > ¢) (ufﬂ(a:l € Ag) + Vi (z; € A1)>

11



! ! . .
(Qrf7 and v,;" are permutation invariant).

We know from appendix 8 that
41 2
P (w(W1,6) > ) < = exp <—§5> .

According to the definition (3) of ﬁﬁ{", since a particle interacts with at most N other particles
(cf remark 2.1) :

B 1, wa) = W)+ Y o —a) + Y plar— ) + B (e, )

j=2 jim;€AC
which implies that
Vi (21 € Ag)
= ]leeAO ][A(w:[’ P ’xn) e*,@i{n(ﬁl,...,xn) dxl “ e dxn
(]Rd)n
< [ Lea Tawn,.. ) e Kmm) <INe 6 goy gy, (©)
(R)m
<e —2N<p v, ,17 ((Rd)n 1) / e_wl,n(y) dy
Ao

and the same result holds for A;. This leads to the estimate :
Q?n’,n(]:m(AOvAlve 5))

1 2 :
<n e Ve B (RYY) 41 exp( §5> [ Lage

by summing this over n we obtain the desired result :

QL (Fm(Ay, A1, e,0))
—z2d]d +00 o

— Z— QLM (Fm(A, Ar,€,0))

l,

ZZW n=1

o724 X el dont W 1 2 I
it s (O g A @YY ) e e (< 5) [ ey

z n=1 9
N 1 7
<41 z e 2Ne 5 P (—;)/ (La, + I[Al)e_wl’ldy .
R4

Proof of prop 5.2

For jin N, let a; = K + \/% + 5j. The sequence (a;); increases from ap = K + % to +00. Now
for Q = Q4" or Q = Q4" consider

QFm(K,e,8) = Q(3i, |X:(0)|<K and w(Xi,8) > e)
< Q3 |X~( )|<K and w(X;,6) > ¢ and | X;(1)|<ao)

+ZQ 0)|<K and a; < |X;(1)|<ajt1)

12



But |X;(0)|<K and |X;(1)| > a; imply that w(X;,1) > a; — K, so this is smaller than
<Q (Eli | X;(0)|<K, |X;(1)|<ap and w(X;,d) > ¢)

+ZQ 0)|<K, a; <|X;(1)| < aj41 and w(X;,1) > a; — K)

Using lemma 5.1 and 1<g, we obtain :
Q(Fm(K,e,0))
1 g2 b
< C(Q) 5 &P <—55) /(][B(O 1) T 1B(0,a0))€ L dy

_ahbs
ZeXP <— —+ 5J)> /(][B(O,K) + 1p(0,0;,1)~B0ay)e Y dy
1 62 ERCS) o0 .
—q —q — sM
S C@) 5 e (_55)/ Lp(0,5) + Lp(0,a0) T D€ Apo.i0) + Y € Ip(0,a,1)~Bloay) | € dy
=0 =0

with C(Q4") = 41 n e*QN“" 7 (RY)"1) and C(QY") = 41 = e 2N,
Using e V"W <1 and the inequahty Va+ B<y/a+ /B for a, 3 > 0, one has for j>1 :
b
/IB(O,aj+1)\B(o,aj) e dy < (aj41)" |B(0,1)]
<K+ s+ VB HD) B0, 1)

< 31 K% |B(0,1)] max(1, —)¢ \/5(j + 1)d (9)

gl

and similarly :

/ 50,00 € " dy < (a0)” |B(0,1)] < (K + —=)* |B(0,1)] < 2¢ K¢ |B(0,1)| max(1, —=)*

Vi Vo
—+o0 . +oo .
Since 26_7<2 and Z(\/j + 1)% e77<2 this leads to :
=0 '
Q(Fm(K,e,0))
2
< C(Q) % exp (—%) K9 |B(0,1)] (1 + 29 max(1, %)d 4242 x 3¢ max(1, \;S)d\/éd>
1 13 d d d
< - _
<C@Q 5 exp< 55) 1B(0, K)| 3 x 3 max(1, ¢5) V5
Finally
2
QUFm(K,2.8) < m e V2l (R G 5 oo (- 55 ) K
2
Qi’”(]:m(K,f—:ﬁ)) < z e 2Ne Cy % exp (—%) K¢

where Cy = 41 |B(0,1)| 3 x 3¢ \/gd SUD,cRr+ e~ /5 max(1, z)de™’ /6.

An alternative bound for Q(Fm(K,e,d)) may be obtained using the fact that each indicator
function is smaller than 1 :

QUFm(K,2.8)) < C(Q) + exp (—)

This completes the proof.
|
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5.2 Probability of large chains

Recall that two particles interact instantaneously only if the distance between their centers is
smaller than R, the range of the potential . But more generally, a particle can have an influence
on several others during any small time interval. To modelize this, we introduce the notion of
(R + £)-chain of particles.

Definition 5.3 Let x € A and € > 0. Fach subset {x1,--- ,x,} of x verifying |x; — zo|<R +
g,y |p_1 — xp|<R+ € is called an (R + €)-chain of particles of x.

Now, let us fix K € N*, M € N* and ¢ > 0 and let Ch(K, M, R + ¢) denote the event that
there exists an (R + ¢)-chain of M particles with one end inside of B(0, K), that is :

Ch(K, M, R +¢)
={z e A, IH{x1, - ,zp} subset of z, |z1] < K and |z; —z2|<R+¢, -, |zpm—1 —zm|<R+ ¢}

Our aim here is to estimate the ,ulz’n—probability that such a chain exists.

Proposition 5.4 For every M € N*, K € Rt and ¢ > 0, and for every | € N* and n € A, we

have :
VS (Ch(K, M, R +¢))
n! —2MN. d d M—=1 dvn M _ b
< " 4 _ M n P (y)
< oan ¢ (e =rOBO.DI) T Ly (@) [ ey
and

+00
He" (U Ch(K, M,R+5>> < (z1BOY)] Ve <(R+5>d_’”d))M_l
K=1

From this proposition, we easily deduce the following corollary used in section 5.3.
Corollary 5.5 There exists a critical activity z. given by

exp(2N )
(R?—r4) [B(0,1)|

Ze =

such that for each positive z, each £ €]0,1[ and each M € N*

“+o0 d d M-1
In z (R+e)*—r
sup sup p Ch(K,M,R+¢ < < —_
leN* neA : <y1 ( ) Zec Rd — rd

Proof of prop 5.4

Each configuration in (R9)" N Ch(K, M, R + ¢) has exactly (n—nizlw)' representants in (R?)" such
that (zp—prr41,-..,2y) is a fixed M-uple verifying |x,_ 41| < K and |zp—pr41 — Tn—nr42| <R +
g, |xn_1 — zp|<R + €. In order to fix the representant of the configuration, we demand that
(Tn—M+41;---,xn) € O, that is for n — M + 1<i<n one has |x; — x;41| = min{|z; — 2;];7 < j<n}.
This fix the labelling of the points in the chain, except for the (negligible) set of configurations
containing two points which are exactly at the same distance of a third one. Since ﬁ,l{"(xl, ey Ty)
and T 4(z1,...,zy,) do not change by permutation of the z;’s, this leads to :

VEI(Ch(K, M, R + 2))

| n—1
.

= M | / ]I|xn_1u+1|<K H 1‘I¢7$¢+1‘<R+5 ][O(xn—M-‘rla R 7(1:71)
(n— M) J(gayn i=n—M+1

L,
Ta(xr, ... 2n) eiﬁnn(xl’“"x")dm codxy,
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We use again inequality (7) established in the proof of lemma 5.1 :

ﬁf{”(:rl, . ,xn)>2ﬁg—|— ﬁf@’zl(azl, ey Tp—1)

Reamrking that
]I.A(:L‘la s 71'77,) < ][|;En—:vn,1\2r ][A(ajla R :L‘nfl) )

using again inequality (7) and integrating with respect to z;,, we obtain :

vi"(Ch(K, M, R +¢))

2
(n—1)! E
ST =D = (M=) g Loosal<k |1 Trcloimoiaicree To(@n-prsts - @n1)
© RN i=n—M+1 - Z
Ta(zy,... 2n-1) ][Télmn—zn71|§R+a€_2N£ e Pnt1(@Le@n1) dry---dry

<ne 2N (((R +e)? — 9| B(0, 1)1) i (Ch(K, M — 1,R +¢)) .

By iteration in n and M, we obtain for n>M (which is the only interesting case, since there
always are less particles in the chain than in the whole space) :

V5 (Ch(K, M, R+ ¢))

n! (M 1\ M—1
< m6 2(M—-1)Ny (((R+5)d_rd)|B(0, 1)|) fl M+1(C’h(K’1’R+5))

Using inequality (7) and the same idea as in the proof of inequality (8)

Vo (CR(E, 1, R + €))

n—

= I/ZWMH(x N B(0, K) # 0)
L,
S (n= M 1)/ / Ta(y) e Pt W) dy, iy dyy
B(O K) (]Rd)n M

SO0 M) e (@) [ gy
B(0,K)

Thus

Vi (Ch(K, M, R + ¢))

n! —2MN d_ d M=1 dyn—M / _yphm
<———c¢ 2 R+¢e)*—r%)|B(0,1 v (RH™ e VW) gy
o (((R+2)" =H1B(0, 1)) @) f
By definition of 15" (cf (4) ) we have
e—z2dld +oo prg
pt"(Ch(K,M,R+¢)) = e > ) v (Ch(K, M, R +¢))

z n=0

efz2dld o

= > ) vi"(Ch(K, M, R + ¢)) (10)

Z n>M

Using this, the above inequality and iterating the result on M, we obtain :

" (Ch(K, M, R +¢))

< 672N£ ((R+€)d—Td) ’B(0,1)| G_Zzznl 5 Z (nn__:ll) (Ch(K M — 1,R+€)
o z n>M

<ze M2 (R4¢)? —r%) |B(0,1)| u’"(Ch(K M —1,R+¢))

< (22 (R+e)? -1 1301)) U (Ch(K, 1, R +¢))

< (22 (Rt o —BO.Y)
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Since the event Ch(K, M, R + ¢) increases as a function of K

+00
b ( | Ch(K, M, R+ s)) = Jim " (Ch(K, M, R+ ¢))
K=1

N

(= 1BO.V)| exp(-2Ng) (R +e) )"

5.3 Probability of too high interaction between particles

Let B(m,a,¢) denote the set of “Bad trajectories”, that is the event that either a particle has a
high oscillation in a small time interval or belongs to a large chain of interacting particles :

Ym e N* Vaxl Ve >0 B(m,a,e) = B(m,a,e) UB(m,e)

where

1
B(m,a,e) = {X € C([0,1], 4), Fi, w(X;, E) > i and Jt<1, | X;(t)|<a+ 2m2}

and
Jk € {0,...,m — 1}, there exists an

é(m,f;‘) =< X €(C([0,1],A), (R+¢)— chain of particles of X(%)
with diameter greater than m — R — ¢

Let us remark that a — B(m, a,¢) is non-decreasing but B(m, a, ) is not monotone as a function
of . Our aim in this section is to estimate the probability of B(m,a,e) under lem

Proposition 5.6 For each m € N* and each a>1 :

2
= N €

sup sup QL"(B(m,a,e)) < z C e 22 a? m?® exp (m)
IeN* neA 96

where the constant C!; only depends on dimension d. One also has, for each m € N* :

~ _ (7]
sup sup le’” (B(m, 5)) <m (z |B(0,1)] exp(—2Ny) ((R+€)d —rd)) it
leN* neA -

If z < z. and € small enough (depending on z), this implies that the left hand side decreases
exponentially fast as a function of m.

Proof of proposition 5.6
We first estimate the probability

~ 1
QQ”(B(m,a,E)) = le’” <E!i, w(X;, —) > % and <1, | X;(t)|<a+ 2m2>
m
It is clearly smaller than

1
< QY (3, w(Xi, —) > Z and | X;(0)|<a + 3m?
m
+ Q4 (3, |X:(0)] > a+ 3m? and 3t<1, | X;(t)|<a+ 2m2)

But the second term of the sum is smaller than

—+oo
QY (3, a+ (24 j)m® < |X;(0)|<a+ (3 + j)m? and w(X;, 1) > jm?)
j=1
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Thus using proposition 5.2, we obtain :
QL"(B(m, a,e))

1 2
< Ql’” <.7-"m(a +3m?, 4 - ) + ZQQ’" (fm(a + (3 —I—j)m27jm2, 1))
j=1

l\D

< 2Cye N2 m exp (—%m> (a + 3m?)?

__ T j2m4
+ 2 Cqe V2 Y "exp (— ) (a+ (34 j)ym?)?

, 6
7j=1

We now use the multinomial formula (a + 3m?)¢ = (a + m? + m? + m?)?<44adm?.
Similarly (a + (3 + 7)m?)?<(j + 4)%a%m??<29j9494m2?. This leads to :

4
QY"(B(m,a,e))< z Cy e —2Ne g g 2 [ exp (—m) + Zexp < ) 34

Since j2m*/6>(j% + m*)/12 and 7?2 2;6m for e<1 one has :

QL"(B(m, a,e))

_ 2 too -2 4
—2Nyp od d , 2d € d J m
<zChe 28 a"m exp —%m + g 77 exp BT exp BET)

82 +00 .9
<zCye —2Ng gd qd 42d exp <—96m> 1+ Zjdexp <—‘i2>

Defining the constant C’, by

+00 jQ
Ch=Cy8 1+ ledexp(—m> < 400
]:

we obtain

2
QY"(B(m,a,e)) <z Cle “2N¢ gd 2 exp <_E€)6m) .

We now have to find a similar estimate for

3 there exists an (R + ¢) — chain
Qi’” (B(m,e)) = Qi’” Jk €{0,...,m—1}, of particles of X(%) with
diameter greater than m — R — ¢

Thanks to the stationarity of le’", this probability is smaller than

m—1 there exists an (R + ¢) — chain
< ,ulz’” r e A, of particles of x with
k=0 diameter greater than m — R — ¢)
It is necessary to have at least [z7-] + 1 particles ( [z] denotes the integer part of x) to construct

a chain of length greater than m R — ¢ with every particle at a distance smaller than (R + ¢)
from its neighbors. Thus the above quantity is smaller than

< mui’"(UCh ]+1R+e)>

Due to proposition 5.4, this is bounded from above by

< m (z 1B(0,1)] e~2Ne ((R+5)d—rd)>[R+€ .
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6 Convergence of the approximations

The aim of this section is to prove the convergence of the sequence (X%®); to a limit process X%,
We shall check in the next section that X is a solution of (&).

Through this whole section, y denotes a fixed element of G(z) with z < z.

We fix z € A.

As usual for infinite-dimensional stochastic equations, we study (£) for each w in a set Q% C
and prove that the set 2 \ €2 is negligible.

For each p € N* and [>p — r + 1, let m(p,!) and a(p,!) denote the following integers :

mip,) = |VI—p=r| =1 and  alp,l) = p+mlp,0). (11)
Remark that
alp, ) +m(p, ) +1<l—r (12)
and
vC >0 Za(p, D m(p, )% e=CmPD < 400 . (13)

l

Let 1/N denote the set {1,1/2,1/3,---} of real numbers € such that 1/e € N. Let us now define
the set 2f as follows :

Qf = {weQst. Jego € 1/N, Ve<eg Vp € N* iy € N, Vil
X (w,) & B(m(p, 1), alp,1),€) and X5 (w,) ¢ B(mip,1),alp,1).<) } (14)
= liminf lim inf {Xl’x & B (m(p,1),a(p, l),s)} N {XH'Lx & B (m(p,1),a(p, l),s)} .
e—0 EN* l—+o00
p

The set () satisfies the following properties :

Proposition 6.1 For each Gibbs measure pn € G(z) with z < z. one has / P(Q5) du(x) =1

M
that is, for p-almost each x in A, P(Qf) = 1. This means that for A = {z € A, P(Qf) = 1},
one has
Vz<ze Yueg(z) wpA =1

Proposition 6.2

(i) For every x € A, every w in Qf and every i € N, the sequence (Xf’m(w,t), Léf(w, t),j €Nt e
[0,1])1en+ of elements of C([0, 1], R? x RY) converges (in the sense of uniform convergence
of continuous paths) to a limit denoted by (X;°"(w,t), L7 (w,t),j € N, € [0,1]).

Moreover, this sequence is stationary :

Ve A YwoeQ VieN 3, Vil
X (w,) = X0%(w,) on [0,1] and Vj €N L (w,) = Ly (w,) on [0,1]

7 ) 1J
(ii) Furthermore, the convergence takes place in C([0, 1], M), i.e.

Vee A VYw e Qf X®2%(w,) = lim X% (w,-) on [0,1]

l—+o00
(iii) Since [ P(Q&)du(z) = 1 for p € G(2) avec z < z., the sequence of processes (X')jen+ €

C([0,1], M) starting from u converges indeed in distribution to the process X*° € C([0,1],.A)
starting from p.

18



Proof of proposition 6.1
Recall that p € G(z) is fixed. We want to prove that / PN Qg) du(x) =0
By definition of Qf : !
P2\ Q5)

lx
-p <ng € 1/N, 3e<eo 3p € N* Vip € N* 31y, ;m E gggg;”?’_“l()p’é)(’;)l frl) 9 >

For each g¢ € 1/N, this is smaller than

< Z Z P(limsup {Xl"’” € B(m(p,l),a(p,l),e) UB(m(p,l —1),a(p,l — 1),5)})

e<ep pEN* =00
Thanks to Borel-Cantelli lemma, this vanishes as soon as there exists g € 1/N such that
Ve<ep Vp € N*

+oo
Z / r (Xl’z e B(m(p,1),a(p,l),e) UB(m(p,l —1),a(p,l — 1),5)) dp(r) < 400 . (
I=p+27 A

15)

We shall show (step 1) that for each I € N* and for A = [1,1]%, the following inequalities hold :

/AP(XZ”” e@)du(:c)—AQQ"(@)du(n)‘

sup
OcF;
< [ sw | [ 1@ dutelng o) - [ @) dil(@)| duto) (16)
A liflls1l/A A
ZM
and VpeA sup /f(fE) dﬂ($|77([z,z}d)c)—/ f(z) dpl"(z)] <2 <1— ln)
IFI<11/A A zz
and (step 2) that
N Zé\m —2Ny _ahlm
Vne A 0<1 —<ze TE Tyiny)>o exp(—=9""(y)) dy (17)
zZ" Rd

Inequality (17) and assumption (2) on %" imply that

+o0 Zé\777
Z/A 1-— P du(n) < +oo
1=1 z

Then for each p and [ fixed, we choose

©=5 (m(p’ l)7 a(pu l),E) uB (m(p7l - 1)7 a(p7l - 1)75)
Thanks to (16) and (17), in order to prove (15), we only have to prove that
Jep € 1/N Ve<egy VpeN*

+oo
Z /Qi’ﬂ <B(m(pv l)a a(p, l)’e) U B(m(p,l - 1)a a(p,l - 1)a 5)) d#(ﬁ)

l=p+2

+oo - -
+ 3 [ @ (Bn(p.1).0) U Blm(p,1 - 1)) dun) < +o0

l=p+2
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By proposition 5.6, this is smaller than

1 2
/Z Cy e N2 > a(p, 1) m(p,1)** exp (—gﬁm(m))

l=p+2
2

talp, 1= 1) m(p,1 - 1 exp (—Smw >> au(n)

96
+oo B o)
+[ 3 mo) (2 1B0.D] 2 (R+e)t =) ™
l=p+2 B o 1)]
mipd=1) (= 1BO.D] e (R 42— o) aug)

Since the factors in the integrals do not depend on 7 and since the sums over [ only differ by their
first terms, we only have to prove that

Jep € 1/N Ve <egy VpeN*

400 2
> alp, ) m(p,1)* exp< g6m(p,l)> < 400
l=p+2
+oo o [mR(p,l)]
and Z m(p,1) (z |B(0,1)] e N2 ((R4¢)? — rd)) < oo
l=p+2

The first series converges for each ¢ € 1/N and each p € N* thanks to (13). The second one also
converges thanks to (13) again, as soon as (z |B(0,1)] e 2N (R +e0)4 — Td)> < 1, which is true
for £y small enough when z < z..

It remains to prove (16) and (17).

Step 1 : Proof of (16)

Let us fix [ € N* and A = [—1,{]%. For each event © on C([0,1]), by definition of Q%" :
/ P(Xb® € ©)du(z) — / QL"(©)dp(n)
/ / Xl SO @) d#( ‘TIAC d# / / Xl,n,Card ( ’.) c @) d#i’ﬂ(:n) du(n)

If 2 € A then P(X!nCard®) (3 ) € @) = P(X'®1° € ©) i.e. the integrated functions are equal,

and since they are bounded by 1, we obtain :
[ @) dutalne) - [ f@) dut(o)
A A

‘/ X“‘E@du /Ql’" )du(n ‘ < / sup
A IfII<1

Since p € G(z), using the conditional density of p with respect to 7% and the definition of ulz’n,
one has for each f: A — R bounded by 1 :

‘ [ 5@ dutainse) = [ 5o aulico

du(n)

€7z|A| t+oo N
= | | fom) + > / F(ynae) Talynae) exp(— > eli—u)— > w(yi—nj))dy
Z n=1 ' JA" 1<i<j<n 1<i<n
TIjEAC

—z2d]d

e _nln
T ( e +Z - / Flymae) e 7@ 14(y) dy)'
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Note that 847 (y) = Z o(yi—yj)+ Z ©(y;—n;) for the y € A™ verifying ynae € A, because
1<i<j<n 1<i1<\\n
n;ENC

Y (y;) = 0 for each ¢ in this case. Thus the above quantity is equal to

e—z|A| e—z2dld +oo N e—z|A\ e—szld I
f(nae) - +> = - /A Flynae) Talynae) e 7@ dy

Z?JI Ziﬂ? f n! Zé\ﬂ? Zéﬂ]
efz2dld too n I
TG gy T € (Laly) ~ Tl T 0)
n=

Recall e—#IAl = =22 and

n=1
djd = 2™ L
o—t n! (Rd)n

Since f is bounded by 1, we then obtain :

' [ 1@ dutelme) = [ @) o)

e—=IAl —z2474

\

An 1, l,
Z," zZ" zbn

An
22414 1, z|A| 7Am| _ Z;
e Zzn—elZZ"’—2<1— )

and (16) is proven.
Step 2 : Proof of (17)

This final step of the proof of proposition 6.1 is straightforward, simply using the definitions of
l777 A777 lﬂ’] .
Z;", Z," and ¢t .

A

- T = (2 =2

ze" oz

e—szld +°O on n
=Y 5 La6,. .. &) e P Cot) (1 T Iy pgen(&) | - dén

Zz n—0 n. (Rd)'n paley

SR € ) [N

= La(&y,...,&,) e Pr{stmtn Lyinge, déy - - - d&
ZL" nz-:o il Jga ™ g ; e !
and using inequality (7), this is

—z2d1d +00

<

< _ahls _ o, _nlm
< e por) n /(Rd)n Tyl ,6n) € Ph1(&) ,~2Ng ﬂnfl(ég,...,fn)][wl,n(&bo d¢y - - - dg,
z n=0
e 22djd +00 anl I J . o ¢ln( :
< ’ R&"— —aNp T, =) ¢
Ziﬂ] ngl z (n_ 1)! Vn—l(( ) ) € /]Rd wln(y)>0 e Y

In order to prove proposition 6.2, we need the following lemma which states that, for nice
trajectories only a finite number of other particles interacts with each fixed particles. Thus
dynamics (€) reduces to an infinite number of SDE involving only a finite random number of
particles up to time 1.
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Lemma 6.3 Let us assume that the path X € C([0,1]) does not belong to B(m, p+m,e) for some
e € 1/N*, some m € N* and some p € N*. For k in {0,1,--- ,m — 1} we define Ji.(X) as the
set of indices i € N such that either \Xi(%)Kp +m? —km+R+¢€ or XZ(%) belongs to some
(R+¢)-chain of particles which intersects B(0, p+m? —km+R+-¢). Then the following inclusions
hold :

{i e N,|X;(0)|<p} C Jp1(X) € -+- C Jp1(X) € J(X) € -+ C Jo(X).

Particles of Ji(X) stay around the origin in the following sense :

Eok41
vie J(X) Viel-, %} X)) < p+m?+m+1.

They are also far away from the others :

k+1

Vie Ju(X) VigJ(X) Vie [~ =] ]Xi(t)—Xj(t)\>R+g. (18)

3=

Proof of lemma 6.3

The set Ji(X) is defined as the set of indices i € N such that XZ(%) belongs to B(0, p + m? —
km + R+ €) or is connected to B(0, p +m? — km + R+ ¢€) by some (R + €)-chain of particles of
X(%); thus

k
Vi & Ju(X) \Xj(a)\>p+m2—km+R+5
and L .
Vie Jp(X) Vj ¢ Jr(X) [Xi(—) = X( )| > R+e

Since X ¢ B(m, p+m,¢) then X(%) does not include any (R+¢)-chain of particles with diameter
greater than m — R — ¢ :

Vi € Ju(X) \Xi(%ﬂ <(p+m?—km+R4e)+(m—R—g)=pt+m?—(k—Dm (19)

Again since X € B(m, p+m,e), no particle of X entering B(0, p+m + 2m?) moves for more than
£ during a time period of length % :

kE k+1
Vie Ju(X) Vg (X)) Ve [= o)Xt - X)) > R+ S

m. m 2

and

k k+1
vie (X) Vel %} X0 < ptm? = (k= Dm+ 5 < prm? +mt1.
Moreover
. k+1 3
Vi Jp(X) | X;j(—— - )| > p+m? —km+4€>p+m —km ;

using (19) this leads to
JE€ (X)) = & p(X)
which implies the decreasing property of the sets Ji(X).

Now, using once more the “slow motion” property of X, we see that
€ .
1X:(0)|<p = |X¢(1)|<p—|—1m<p+m2—(m—1)m+R~l—s = 1€ Jp-1(X)

and the proof is complete. l
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Proof of proposition 6.2 (i)

In this whole proof, z € A, w € Qf and p € N* are fixed; we also fix a corresponding ¢ € 1/N
as in the definition of Qf and an [ € N* greater than (or equal to) [y associated to w, €, p in the
definition of QF. Consequently, m(p,l) and a(p,l) = p + m(p,l) are fixed too, and will simply be
denoted by m and a = p + m.

Since X"*(w,-) & B(m,a,e) and X5 (w, ) & B(m, a, ), the results obtained in lemma 6.3 hold
for X% (w,-) and X% (w, -). In particular, recalling (12) we have for each k in {0,1,--- ,m—1}:

k k+1
Vi€ Jp(XM(w,-) Vte [~ %} IXET ()] < prmPmAl < l—r = M(XE(1) =0
and since
k k+1 . .
Vi€ R(XW(w,)) Vi g AKX (w,) Vhe [ X ) - X > RS

no interaction is possible during the time interval [ﬁ ﬂ] between the particles of Ji(X*(w, )

m’ m

and the other particles. In this case equation (£') verified by X*(w) during the time interval
[£, EH] reduces to the following equation (€(k, Ji, X)) for the indices in Jj, (X" (w, ")) :

m’ m

1
Vi€ Jo(X5(w,-), Wt {k“]
m m
X; ¥ (w,t) = X (w, —) + Wilw, t) = Wi(w, —)
1/t « x
-5 /. Z V@(Xf’ (w, s) —X]l-’ (w,s)) ds (20)
(X )
4 Yo (X (w,s) = X (w, ) AL (w, )

m jEJ (X7 (w, )

For the same reasons, the equation (£!1) verified by X*+1%(w, -) during the time interval [%, %]
reduces to the following equation (£(k, Jg, X'T1%)) for the indices in Ji (X% (w,-)) :

kE k+1
Vie Jy(XFH(w,), Ve [m’ +] )

k k
X 1) = X (w, E) + Wi(w, t) — W;(w, E)
1 t
5 X Vel ws) - X (w,s) ds (21)
T IET(X I ()
* S (X (ws) - X[ (w,9) AL w,9)

k
m e (XL (w,)

But since X'%(w,0) = X*1%(w,0) = 2 and LM (w,0) = L% (w,0) = 0, the sets Jo(X%(w,-))
and Jo(X*1%(w,-)) are equal and equations (20) and (21) coincide for k = 0. The strong
uniqueness of the solution then implies that :

1
Vt € [07 %] V’L,j € JO(XZJ(CW )) = JO(XZ+17:C(W> ))
X" (w,t) = X[ (w, 1) and LY (w,t) = LT (w, 1)

and because Ji(X"*(w,-)) C Jo(X"*(w,-)) (and idem for J;(X*1%(w,-))) this in turn implies
that J1 (X (w,-)) = J1(X'TH%(w,-)). But again, since

- 1, 141, l, 1 141, 1 I, 1 11, 1
Vi,j € JH(X(w,) = (X (w,) X (w, E) =X, (w, E) and L (w, %) = Li; " (w, E)
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equations (20) and (21) coincide for k = 1, and the strong uniqueness implies the equality of
X" (w,t) and X[V (w,t) (and LY (w,t), i (w,t)) for i in Ji(X(w,)) = Ji(XH1(w, )
and ¢ in [-1, 2] which in turn implies that Jo(X"*(w,")) = Jo(X"™7(w, ).

m?

By induction, we thus obtain that
Vk € {17 s, M= 1} ‘]k(XLz(w? )) = Jk:(XH—Lx(wa ))

and i
Vke{l,...,m—1} Vi.je Ji(X"w, ) Vie |02

X" (w,t) = X[ (w, 1) and LT (w,t) = L (w, ).
Using the inclusion chain {i € N, |z;|<p} C Jp—1(X) C - C Ji(X) C Jo(X) which holds
for X = X" (w,-) and X = X!"*1%(w,-) because X"*(w,0) = X"*1%(w,0) = z, we obtain that
XM (w,-) and X" (w,-) are equal on [0,1] for i’s such that |z;|<p and the same result holds

for (Lé’jx(w, -))i,j and (Lijl’x(w, -))i; because both local times coincide if j in Jo(X"*(w,)) and

identically vanish otherwise. Since p may be chosen arbitrary large, proposition 6.2(i) is proven.
|

Proof of proposition 6.2 (ii)
Recall that M is endowed with the vague topology, i.e.

n—-+o0o

(€0 —"7 = €° = VFECRY) DSE — DU E)

where C.(R?) is the space of continuous functions with compact support.
Then the convergence of (X*(w,-)); takes place in C([0,1], M) if and only if

Vf € C.(RY) Zf X (w, 1)) I Zf X" (w,t)) uniformly in ¢ € [0, 1]

Since f has a compact support, all the terms in the above sum vanish except at most for a finite
number of indices. Thus the convergence follows directly from proposition 6.2 (i), where the
stationarity was proven uniformly on compact time intervals. H

Proof of proposition 6.2 (iii)

The convergence in C(R*, M) is defined as the convergence in C([0, 1], M). We then have to prove
that for each bounded continuous function g on C([0, 1], M)

[ [ napeydnta) ——— [ [ o= )dP)duta)

This is obvious by proposition 6.2 (ii) and the dominated convergence theorem. H

7 Proofs of the main results

Theorem 3.2, theorem 3.3 and proposition 3.4 are now direct consequences of Propositions 7.1,
7.5 and 7.6 enounced and proved in this section. In order to prove these propositions, we need
some more notations. We first fix x € A. For m € N*, a>1 and ¢ € 1/N fixed, let Q*(m, a,e) be
the set of w’s such that X“*(w,-) does not belong to B(r, d,e) for an infinite number of indices
l:

O%(m,a,e) = {w e :¥peN3zp, X' (w,.) dB(m, d,a)} = limsup{X"® & B(1n,a,¢)}

l—+o00
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We also define

Qf = {w € Qs.t. Ve € 1/N for p large enough and for an infinite number of I’s X' & B(p, R, 8)}

= liminf Q%(p, R, €)

We have the following result :

Proposition 7.1 For every x € A and w € QN QY the process (X" (w,.), Ly;""(w,.)) satisfies
equation (&) with X°°%(w,0) = x

Thus, for anyx € A={{ € A: P(Qg N Qﬁ) = 1}, the process (Xoovx,Lf;’z) is a solution of (€)
with initial condition x.

Moreover for each z < z. and € G(z) p(A) =1.

Before proving this proposition, we first establish some useful results on Q*(m, a, ) and Q.

Lemma 7.2 For each p € G(2), for each e € 1/N, m € N* and a>1, one has

_ 2
/ PO (1, a,€)%)du(z) < 2 Oy "2V g% 20 exp <—36m>

As a corollary : /P(Qf)d,u(x) =1

Lemma 7.3 For each m € N*, a=1 and € € 1/N one also has
Vw e QENQ%(m,a,e) X%%w,-) & B(m, a,e)
and consequently
Vie A YoeWNQ¥ Veel/N 3pg st Vp=py X% w,-) & B(p,R,e)
Proof of lemma 7.2 By definition of (m, a,¢) one has

0% (i, a,¢)° = liminf {w € Qst. XM (w, ) € Blm, &,5)} .

l—400

By Fatou lemma

/P(Q”(fn, a,e))du(x) < liminf/P(Xl’x(w,-) € B(m, a,¢e))du(z).

[—+o0

Using inequality (16) (see the proof of proposition 6.1 step 1) applied to the event © = B(m, a, £)
we obtain the following bound :

A
/P(Qx(ﬁl,d £)%)du(x hmlnf/ QL (B(m, a,¢)) d,u(n)+2/A (1 Zs ) du(n);

thus by proposition 5.6
[ Pt e )aua)

_ 2 An
_ -d - e° . Z
< /,4 2 O eV gl 2 (—%m) duln) +2 lim_ A(l— Zl) dpu(n)
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ZM"
Inequality (17) implies that lim 1-— zl dp(n) = 0 thus
l—+o0 J 4 Zz’n

_ 2
/ PO (1, a, ) )du(z) < z O e~ 2V2 a@ 2 exp <—;6m> .

Replacing m, a by p, R in the above inequality, we obtain :
+oo
Ve € 1/N Z/P(Q$(p, R, e))du(z) < +oo.

By Borel-Cantelli lemma, this leads to :

Ve € 1/N P(limsup Q*(p, R,e))du(x) =0
p—to0

and consequently
/P((Q“’f)c)du(x) :/ U lim sup Q% (p, R, €))du(x) = 0.
e€1/N ptoo

Proof of lemma 7.3

According to proposition 6.2(i)
Ve A YVweQf VieN JyeN Vil XO%(w,)=X""(w,-) on 0,1].

Consequently, for z € A and w € Q%(1m, a,e) N Qf and for ¢ € N, there exists an [>[y such that
Xb*(w,.) & B(m,a,c), ie.

X% (w,-) = X" (w,-) on [0,1]  and  w(X'*(w,-),

K3 K3 K3

1
—)< Z or V<1, | X1 (w, t)] > @ + 2mm?

Thus

Pw, t)| > a+2m2.

(2

1
Ve e A VYwe Q" (m,a,e)NQ VieN w(X "% (w,-), %)gi or Vt<1, | X

By definition of Qf, Vre A VYw € QzNQ] Ve € 1/N 3Fpg s.t. Vp=po w € Q%(p, R,¢)
thus

Vee A YweQiNnQ] Veel/N dpgst. Vp=pg VieN

1
w(XfO@(W,.),;)gi or V<1, |X°% (w,t)| > R+ 2p?

thatis VzeAd Ywe QBN Veel/N dpgst. Vo=py X%w,-) &B(p,R,e). A
Proof of proposition 7.1

Let us fix p € G(z) for some z < z.. As corollary of proposition 6.1 and lemma 7.2, / P(Q5N
OF)dp(x) = 1 . This proves that for u-almost every z in A, P(Q§ NQ7) = 1 and then pu(A) = 1.
We fix now z € A and w € QF N QF.

We first use the fact that w € Qf. For ¢ € 1/N smaller than ¢y corresponding to w in the
definition of €2, for each p € N*, for each [>p 4 1 greater than [y associated to w, €, p, we have
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Xbr(w, ) & B(m(p,1),p+ m(p, l),e). Lemma 6.3 and inequality (12) then imply, as in the proof
of proposition 6.2(i), that |Xi (w,t)| <l —rfor t € [0,1] and for i’s such that |z;|<p. Equation
(€') then reduces to the simpler equation :

Vwe QgNQT VpeN* Ello s.t. Vizly Vist. |z|<p Vte[0,1]

XM (w, t) = 2 + Wilw, t) — /ZVgolews Xlx(w s)) ds
JEN (23)

/ Z lx (w, s) ;I(w,s)) dLi’jz(w,s).

jEN

Since w belongs to 2 too, for each e € 1/N* there exists pg such that w € Q%(p, R, €) for each p=po.
Let us fix such a p. Since w € Q%(p, R, ¢), there exists an infinite number of indices I such that
X' (w,-) € B(p, R,¢). Remark that R+2p*>p+ $p+ R so for I’s such that X"*(w,-) € B(p, R, €)
we have :

VieN |ml<p = vte[o,]] |Xf’m(w,t)|<p+§p o

24
€ €

ViEN uml>p+gptR = Vte(01] |X§’x(w,t)|>p+1p+R
Equation (23) holds for these indices [ provided [>lp(w, p, ) and in this case we may replace the
sums over j € N by sums over {j, |z;|<p + 5p + R}, due to (24) .

YweQgNnQy Veel/N dpgs.t. Vp=po
for an infinite number of I’s and for all ¢ s.t. |z;|<p  Vt € [0,1]

1 t
XM (w, t) = @i + Wilw, t) — = > V(X (w,8) — X0 (w, 5)) ds

2 )y ; (25)

. {:lzjl<p+5p+R}
LY ) - X)) dLl o)
O Ll <p+50+R)

Since the set {j : |z;|<p+ §p+ R} is finite, using proposition 6.2(i) we can choose [ large enough
such that (25) holds and

. € l7 )
Vj st |zi|<p+ ip—i-R X7 (w,) = X% (w,-) on [0,1].

Consequently
Vwe QgNQT Veel/N Fpgs.t. YVo=po Vist. |z;|<p Vte][0,]1]
X (1, ) :xi+Wi(w,t)—% Ot S Ve (w,s) — X (w, s)) ds
Jlzj|<p+5p+R (26)
+ t o (X (w,s) = X0 (w, 5)) L (w, )

0 .
Jblzjl<pt+5p+R

On the other hand, since w € Q%(p, R,e) N Qg for each p=po, lemma 7.3 leads to : X*%(w,-) &
B(p, R,¢). As already remarked for X"*(w, -), this implies that it is equivalent to sum over j € N
or over {j, |z;|<p+ §p+ R} in the above equation :

Ywe QN Veel/N Elpo s.t. Vp=po Vist. |xi|<p Vtel0,1]

X% w, t) =z + Wiw,t) — / ZV(p (X7 (w, 8) = X5 (w, 5)) ds
jEN

/ Z X7 (w, 8) = X750 (w, 8)) AL (w, 8)

jEeN
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Then the equation does not depend on € and p any more. It is simply :
YVweQgNQ] VieN Vielo,1]

1 t
Xioo’x(w,t) =x; + Wi(wyt) — 2/ E V@(X?o7x(w7 3) — X;’O@(w, S)) ds
0 “
jJEN

+ /0 SO (w,5) — X2 (w,5)) AL (w,5)

JjeN
This prove that for w € Qf NQF, X% (w, -) satisfies (£) and is such that X% (w,0) =z. W

Remark 7.4 : Qf is constructed here as ﬂ lim inf Q% (m(p), a(p), €) with the choice m(p) =

p—+00
e€l/N*
2
p and a(p) = R, but any choice of m(p),a(p) such that Z&(p)dM(p)Qd exp (—gﬁrh> < +o0 is
p
convenient to obtain [ P(Q}) du(x) = 1 and any choice such that a(p) + 2m(p)*=p + §p + R
suffices to construct X°* solution of (£) on Qf.

Proposition 7.5 The process (X, (t), Lff’x(t),i,j € N,t € R") is the unique solution of equa-
tion (£) with initial point © € A inside the class of paths C defined as follows :

X € C(RT, A) belongs to C if there exists € > 0 and p € N* such that for all p,mg € N* there
exists an integer m>=mg, a sequence 0 =ty <t1 < --- <ty =1 in Q verifying tp41 — tk<% and
bounded open sets Cy,C1,--- ,Cry_1 in R which satisfy

B(O,p+m) C Cp_1 C B(Cm/_l,E) CCpgC---C B(Cl,z’:‘) cCyC B(O,p+m+mp)

and
Vke {0, ,m' =1} d({X;(u),j € N, u € [ty, ty11]},0Ck) =

2| =
= M

Proof of prop 7.5
We first check that for w € Qf, X% (w,-) €C:

We choose € = gg<R as in the definition of Qf and p = 2. For each p and mg in N*, one may find
k

1Zlp(w, p, €) large enough to have m(p,l)>mgo. Then m = m(p,1), m' = m, t;, = =~ and
R+e k. R+e
Cr,=B(0 2k U | B X% (w, —
& (,p+m m+ 5 > ( ;0w —), B >

1€J5 (X% (w,"))
are convenient choices (Recall lemma 6.3 and the proof of proposition 6.2(i) which implies that

E k+1

_—
m m

d(Ced e el >+ 5

and that B(Cy,e) C B(0,p+m? — (k—1)+m+ £ +¢) C Cx_1).

The proof of uniqueness is then a direct generalization of the proof of uniqueness for hard core
potential made by Tanemura [Tan96], Lemma 5.4; so we omit it (the basic idea is to decompose
the time interval in a union of intervals [k/m, (k+ 1)/m], on which each coordinate of the process
is the unique solution of a finite-dimensional stochastic differential equation like (20)). W

Proposition 7.6 If p, the law of X°°(0), belongs to G(z) , then the process X solution of
equation (€) is a reversible process.
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Proof of proposition 7.6

We have to prove that for any T € [0, 1], for fi,..., fx bounded continuous functions on M with
compact support and for t1,...,t; € [0,7T] :

k
/ E(mewvx(ti))) duta) = [ B (Hfz (xX*°(T m)) e (21)

But X is, by construction, the weak limit of X!. Then equality (27) holds if the following
equality holds :

Jim (Hf, X (t, Hfz (xXhH(T ti>>> dp(z) =0

Like in the proof of proposition 6.1 step 1 (cf inequalities (16) and (17)), we go back to the process
X' which is (by proposition 4.1) reversible when its initial distribution is pz" :

‘ / E(Hfz Xb(t; Hfl xbH(r tm) dp(x)

k
<|//Hfi< Hf@ )) dQY(X) dya(n)
+2 Hsup|fz \/( ZZM) dp(n)

where A = [1,1]?. The first term of the right hand side is equal to 0 and the second term tends
to zero as [ tends to infinity. H

8 Appendix : Estimate of the probability of fast oscillation for
Brownian motion

Proposition 8.1 If W is a (one-dimensional) Brownian motion on (2, F,P) then for every
e > 0 and every § €]0,1]

PwW,0)30) < Zexp (—2>

Proof of proposition 8.1

We first use Doob’s inequality for the submartingale exp(2W(-)?/5s¢) and then the Gaussian
property E(exp(aW (1)?)) = 1/4/1 — 2a to obtain

s 2 2
P (Es<so , [W(s)|25) = P( sup exp(2VE) 5 exp<25>)

0<s<so 980 250
2 W(sa)2 2 Wi(1)2 2
< exp(—ifo)E <exp(25S)0))> = eXp(—ifo)E <€Xp(2 EED )) \[exp( 560) (28)

Splitting the time interval [0, 1] in pieces of length /8 and using, first the translation invariance
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of the distribution of W (s + u) — W (s), then inequality (28) and finally 1<1/§ we obtain :

P(w(W,8)2¢) = P | sup [W(t) = W(s)|ze

N

N

N

N

N

IN

[t—s|<d
0<s,t<1
§ 26 36 §
<E|z' € {0, 3R %, - }N[0,1] Is € [i,i + §[ tels,s+ds.t. [W(t) — W(s)]}s)
8
J

+ 1) P (EIS € [0, g[ 3t € |0, g + [ s.t. W () — W(s)|=e

P
8 0 96 € 3e
e _ st >- >
6+1 P 336[0,8[3t6[0,8[st |[W(s)| 401r|W(t)| 4)
8 1) € 96 3e
- —[ s.t. > , —| s.t. Z—
5+1 (P<E|s€[0,8[st W (s)| 4>+P<Elt€[0 S[bt |[W(t)] 4))
8 2¢%8 29¢2 8

92\/5e (—52)

gV O ePITES
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