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Equivalence Between Canonical Gibbs Measures and
Stationary Measures for Stochastic Lattice-Gas Model
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It is proved that, under appropriate conditions on the jump rate and potential,
one- and two-dimensional stochastic lattice-gas models (exclusion process with
speed change) have only canonical Gibbs measures as their stationary measures.
This extends the previously known result, which treats only a special jump rate
and potential.
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1. INTRODUCTION

Related to the connection between ergodicity and phase transition in
statistical mechanics, the relation among stationary measures and Gibbs
measures has been studied for several stochastic models. It is well-known
that a Gibbs (resp. canonical Gibbs) measure is a stationary measure for
certain associated stochastic Ising (resp. lattice-gas) model, and assuming
the translation invariance of the flip rate, potential and stationary measure,
the converse statement also holds in arbitrary dimension. (cf. refs. 1 and 3).

Moreover, in one and two dimensions, without imposing translation
invariance Holley and Stroock® proved that every stationary measure for
a stochastic Ising model is a Gibbs measure. And by using the technique
in ref. 2, Vanheuverzwijn® showed equivalence between canonical Gibbs
measure and stationary measure for stochastic lattice-gas model, in one
and two dimensions. However he treated only a special jump rate, so in
this article we will consider more general exclusion process with speed
change.

! Graduate School of Mathematical Sciences, University of Tokyo, 3-8-1 Komaba, Meguro-
ku, Tokyo, 153-8914 Japan; e-mail: sakagawa@ms.u-tokyo.ac.jp.
949

0022-4715/00/0200-0949$18.00/0 © 2000 Plenum Publishing Corporation



950 Sakagawa

The stochastic lattice-gas model describes jumps of individual particles
from one lattice site to another with certain jump rate which depends on
the energy change resulting from the jump, in such a way that the detailed
balance condition is satisfied (cf. refs. 1 and 4). Notice that a stochastic
Ising model has no conservation laws, while the number of particles is
conserved by a lattice-gas model.

In this paper, we do not impose translation invariance of the station-
ary measures, jump rate and potential. So our result completes those in
ref. 1. The proof heavily relies on the technique in ref. 2, and to preclude
the possibility of vanishing local probabilities we will adapt the result in
ref. 5.

2. NOTATION AND RESULT

The following notation mainly comes from the book of Georgii.(")

Let S=27% d>1, be the d-dimensional square lattice and take the set
{0, 1}% as the configuration space Q of particles on S. Let & denote the
set of all non-empty finite subsets of S. For singletons in ¥, we usually
write x instead of {x}. For each A< S, S\ is denoted by A, and Q ,, Q5
will represent the configuration spaces over A and A respectively, and let

XA: w = (wx)xeS_) w 4= (wx)xeA

be the projection from © on Q4. For (e Q, and neQ, with 4, " A, =¢,
we write (i for the joint configuration in Q, vQ,. Given wef, let
N(w)=|{x€eS; w,=1}| be the number of particles in the configuration .
Q™™ denotes the set of configurations with at most n — 1 sites occupied or
at most m — 1 sites vacant.

For any 4 S we denote by &, =0d(X,; xeA) the o-algebra of the
events in 4 which are generated by the finite dimensional projections in A.
It is well-known that # = % holds where # is the Borel field defined by
the product topology on Q, and &,=a(N(X ), #;) denotes the g-algebra
of events which are invariant under permutation of the sites in A.

Let @: ¥ x Q — R be a finite range potential, for which we can assume
that there is a function ¥ —» R (again denoted by @) such that

D(A, w)=D(A) v AeS, we

where

o= n W= l{XAEI}(w)

xeA
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Suppose @ is of finite range i.e., there exists some R; < oo such that
@&(A)=0 unless diam A <R,. Then for any A%, {€Q,, weQ the
energy of { in A with boundary condition w:

Ello)= ) &4, (w;) (2.1)
AnA#¢

is well-defined and continuous as a function of .
Given such a potential, we say that ue 2(Q, %) is a canonical Gibbs
measure with potential @ if for all 1€ ¥, (e Q,

1
WX, =C16y) :m l{ne.QA;N(n):N(XA)}(C) exp(—E4({]-)) M-a.s.

where Z, yx (1) = ZWGQA’N(,IFN(XA) exp(—E (n|-)) is a normalization
factor.
To define the dynamics we need the following transformations of €: if
weR, x, ye S, we denote by w™ the configuration with
o(z) if z#x,y
w?(z)=< w(y) if z=x
w(x) if z=y
and by w* the configuration with

{a)(z) if z#x

@ (z)= 1 —w(x) if z=x

Let L be the generator of the exclusion process on £:
Lflw)= Y X o) f(o?)—flw))
{xyt=s

where ¢(x, y; ®) is a nonnegative number which will be the rate at which
the particles at the sites x and y interchange their positions when the total
configuration is w, therefore we suppose

c(x, y; w)=c(y, x; w)

We will assume the following conditions (a)—(e) for the jump rate
C( vyt ):

(a) finite range jump:

cox, y;-)=0 if |x— y|>R, for some R,>0
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(b) positive:

inf inf ¢(x, y;0)>0
x, yes weR
[x—=yI<R, W, Fw,

(c) local:
¢(x, y; ) depends only on {w.; |z — x| < Rs, |z— y| <R3}, for some R;>0
(d) detailed balance:
c(x, y; w) exp(— E(xy, w)) = c(x, y; ™) exp( — E(xy, ™))

where E(xy, o) = Ey, (0,0, ), and to ensure the existence and unique-
ness of a particle jump process with given rate,

(e)

sup Y, sup c(x, y; ) <o
xeS y#x weL

From now on, let R=max{R;, R,, R3}.

Assuming the previous conditions, the closure of the operator L
generates a unique Markov semi-group on the space C(Q) which is
denoted by {T,;1>0} (cf. ref. 3).

We are now in a position to state the main result of this article.

Theorem 2.1. When d=1 or 2, ue?(Q2,%) is a stationary
measure for {7,; >0} if and only if x4 is a canonical Gibbs measure with
potential @.

Remark 2.1. Vanheuverzwijn® treated the case where the energy
and jump rate are given by

Ello)y=—J ) -7 Y ¥y

x,yed xed, y¢Aa
lx—yl=1 Ix—yl=1
and
_ exp(—PE(xy, ™))
exp( — BE(xy, w)) + exp( — BE(xy, ©™))

c(x, y; )

Here >0 is the inverse temperature. It is easy to see that these functions
satisfy our assumptions on potential and jump rate, respectively.
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3. PROOF OF THEOREM 2.1

By assumptions on jump rate, Theorem 2.14 in ref. 1 shows that
HeP (R, #) is a canonical Gibbs measure if and only if it is a reversible
measure for {7,;¢>0}, and by definition every reversible measure for
{T,;1=0} is a stationary measure for {7,; ¢>0}. Therefore we have only
to prove that stationarity implies reversibility at least if d=1 or 2.

The next lemma is adapted from Lemma 3.1 in ref. 5 and its proof.

Lemma 3.1. If 4 is stationary and u(X,=#)=0 for some A%
and n€Q 4, then there exist minimal #n, m in N such that ue 2(Q*™, %)
and u(X,={)>0 for all A€ and all {e Q"™

For each ue2(Q, ) and A%, we will introduce the following
notations,

Iy(x, y;0) = Jﬂ(dw) lix,—glo)clx, yyow)  for x,yed (e,

FA(X’ y;C)ZFAu{y}(xa yaCAgfc) for XEAa yEZaCGQA

and define the specific free energy of u with respect to @ as

Jalp) = Jﬂ(dw)(EA(wA lo) +log u(X = ,))
where o € Q2 is an arbitrarily fixed configuration.

Lemma 3.2. If u is stationary and u(X,={)>0 for all 41 €% and
(e Q,, then there exists a constant K> 0 independent of A such that

' . . rxy FA(xa Vs C)
x,yng CEZQA (I 4(x, y: O) =T 4(x, y; ) log Tx, 307

: ~ ~ T 4(x, y;
FY Y (Par i O Pl 3 09) log A 220
xeA,ye}l~ e, FA(xa y,c )

< Y Y Kk i O =T yx, p: 09))]

xeﬁRA,yeA leR,

+ Y Y KT,y 0) = Talx, 3 09)]

xeA,yeZ le,



954

Sakagawa
where

OfA = {ze A; dist(z, 4) < R}
dist(y, 4) = inf |x— y]|
xed

r—yl = max_|x,— |

1<i<

and the primed sum indicates summation over {x, y} =S with |[x— y|<R
and each pair counted only once.

Proof. By the proof of Theorem 3.42 in ref. 1

d
%fA(lut)

t=0

= Y fﬂ(dw) c(x, y; 0)(Ef 07 [0) = Eg(w, )

{x,y}na#¢

+ Y Y logu(Xy=0) [ plde) c(x, y; o)1, g(@™)

{x,y}nd#¢ (e,
—lix,—g(w))

where, given ue (2, ¥ ), u,€ (2, #) is defined by the relation

ffd,u,zf T.fdu foral feC(Q)

Now divide the summation 3, 1 ~4x¢ i0t0 3% o and ey e 7
Then by definition of ", and I, we have

d
% fA(Iut)

. WX =N L
= X3 (BBl ot = i i

' x X 4=CY)
+xeA,Z‘;/e/"i CEZQA <EA(C |OC)_ A(C|a)+10g (XA_C) > FA(X % C)

=)
> A 1 A 9;xy
z“zg< (©7 1) = Bl o) +log == 1 3307)

, M=)
— X _ 1 . rx
LT T (BBt e S Pt i
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The second equality follows by a change of variables { <> {*({ <> {*). Next,
by using the relation

WX, =0) I'y(x, y;0) I 4(x, y;0)
logiofa=sc ) jog A0 gt )
CX=0 BT ux, =0

I 4(x, y; 07)
—1 T A\ Vs )
O WX, =)
we obtain
d .
i)
1§ . wX, =)
RN B ERR oy
X (L q(x, y; O) =T 4(x, y; £))

3 L X <EA(€X|°‘)_EA(C|OC)+log 'u(XA:Cx)>

xed, yed (e, ,U(XAZC)
x (fA(x, ¥;O) =T a(x, p309)

o) o LAl 3 0)
xgm 5ezm (b ys ) = Lo 33 S o8 3 7 o

+1 NN (T, p;0) — Ty, ¥;0))

x,yed (e,

Iy (x, y;0) I(x, y; ny)>
—1

wX, =0 g WX, =)

! ~ - fv ’ ;

Y (Tl 3O = Talx, s Cx))logM

xeA,ye;f le, FA(xa ya é,x)

x (EA(W o) — E((¢ o) + log

N =

1 , _ N
+= 0 Y Y (T, ) =T alx, p309)

xeA,yeZ leQ,

x (EA(moo E(C]o) +log

[\

Ta(x,3;0) T 4(x, y; C")>
—1
WX, =0 B (X =07

For x, yeA with |[x—y|<R and (e€Q, with {,#(,, by definition of
energy (2.1) and the detailed balance condition, we obtain

E (07 a) = E 4({ o) =log c(x, y; (Paz) —log e(x, y; (o)
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and therefore

I'(x, y;0) I (x, y; &)
xy _ 1 4 _
({7100 — E4({l@) +log —F—i —log ~ =
[ u(dew) 1y, g (@)(c(x, y; Lo g)/e(x, y; (az))
=log
WX, =0
_bSuMmu@=mwm4anmmme@%n) i)
¢ WX, =07) |

Now, if x, ye A with |x— y| <R are not interacting with sites in A i.e.,
x, ye{zeA;dist(z, A) > R}, then because of assumptions on the jump rate
we have

c(x, y; Cwz) = c(x, y; Lo z)

for all (e, and all w, a € Q. Hence the left-hand side of (3.1) equals to
0 in this case. Finally, let K=max{K,, K,} and

K,=sup sup sup sup

Ade x,yed [eQ, aec

E (7o) —E (o)

Le#E,
F(xs y9C) FA(xa ya gxy)
1 4 —1
ot X =0 X, =)

K,=sup sup sup sup

AeS xed, yeld (eQ, aeQ

+log fA(xa ¥ 0) —log fA(x’ ¥ ()
X ,=0) u(X =)

E (o) = E4(Cfa)

then K is finite by assumptions on the potential and jump rate, thus by
stationarity of 4 we can complete the proof of the lemma. |

In a completely analogous manner we obtain the corresponding result
for stationary measures on Q™™

Lemma 3.3. If ue2(Q"™, %) is stationary and u(X,={)>0 for
all Ae¥ and all {€Q%™, then the estimate in Lemma 3.2 holds with all
summations in { € Q2 4 restricted to those in Q7%".
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Lemma 3.4. When d=1 or 2, ue?(Q, ) is stationary for
{T,;t>0} if and only if

[ o) etx, ;@) flo) = [ udo) cx, yio) flo)  (32)

for all fe C(Q) and all {x, y} =S.

By Lemma 2.15 in ref. 1, (3.2) holds for all f'e C(2) and all {x, y} =S
if and only if y is reversible for {7,; 7>0}, so this concludes the proof of
Theorem 2.1.

To prove Lemma 3.4 we need the next lemma which is taken from
Lemma 1.23 in ref. 2.

Lemma 3.5. Let {d,};_, be a sequence of non-negative numbers
with > 0, < oo, and let {/,}7_, be a sequence of non-negative numbers
with the property that there exists a sequence of positive numbers {u,} ©°_,
such that u; ;> u, for all k>1 and

n n
Y <Y 0, Puy? for all n>=2
k=1 k=1

If ¥, (1/uy) = co, then A, =0 for all k>1.

Proof of Lemma 3.4. We have only to prove that stationarity of u
implies (3.2), and by Lemma 3.1 we may assume u(X,={)>0 for all
Ae¥ and all {eQ ,. (If i is a stationary measure as in Lemma 3.1, we
have only to restrict all summations in { € Q2 , to those in 27" in the argu-
ment below.)

Define for A€ % and x, ye 4,

I'y(x, 3 0)
o (x, )= I'y(x, ;) =T 4(x, y; 7)) log ——— =
A%, Y) CEZQA( A, p3 ) = I 4(x, y; 07)) & T (% 3. 07)
ﬁA(Xay): Z |FA(xay;C)_FA(xay;é’xy)|
(e,
For xe A and y e A, simple calculation shows
L alx, 3:0)

a0 {yy\X V)= fA7;_fA’;XI~
“aotn(® 0= T (Fuln 50 =Tao 35 EN log g4 7200

ﬁAu{y}(xa y): Z |fA(xa s é')_fA(xn s Cx)|

leR,
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so by Lemma 3.2 (Lemma 3.3)

Z, O(Au{y}(x’ y)SK Z’ ﬁAu{y}(xs y) (33)
{x, y} cz4 {x, y} <z
xed xeoka

Also by (1.20) and (1.21) in ref. 2
o (x, y) <oylx, p) for Acd, x,yed (3.4)
IBA(X’ J’) < CI(O(A(xa J’))l/z for X, )y e

where C, is a constant independent of 4.
Let A,=[ —n,n]?nZ% be a d-dimensional cube. By using (3.3), (3.5)
and Schwarz inequality, we obtain

2
< Z O(Anu{y}(xa J’)>
{x. y} =24
xed,

< C{(2n+ 1) — (2n—R)+1) v 0)%) ( S oo y))

{x, y}=z?

xedka, (3.6)

where 084, ={zeA,;dist(z, 4,) <R} = A,\A(,_p)vo and C,=Cy(R, d)
is a constant independent of n.
Next, for k>1 define

Uy =2k + 1) —((2(k—R)+1) v 0)¢

V= Z, O(Aku{y}(x’ y)
{xyycz?
xeaRAk

M= A\,

Then

k

Z yk< Z Z Z, a’AnU{y}(XS y)
k=1

k=1 m=(k—R)vO+1 {x,y}cz4

xe€od,,
<R Z, O(Anu{y}(xs y)
{x, ¥} =24
xeda,

1/2,,1/2
< C3un/ yn/

where C; is a constant independent of n.
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Now set d,=C5, d,=0 for k>1. Applying Lemma 3.5, we obtain
7.=0 for all k=1 when d=1 or 2. Then by (3.4), (3.5) and (3.6),
pa(x, y)=0forall A€.% and all {x, y} = A. This means that I",(x, y; ()=
Iy(x, y; {7) ie,

| 1deo) 15, y(@) e(x, y1 0) = [ ldeo) 1y, gy (@) e(x, y; )

forall 1€, (eQ,, {x, y} = A.
Finally, by the standard argument we can show (3.2) for all fe C(Q)
and all {x, y} =S and this completes the proof. [I
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