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NONREVERSIBLE STATIONARY MEASURES
FOR EXCHANGE PROCESSES!

By AMINE ASSELAH
ETH-Zentrum

We consider nonreversible exchange dynamics in Z¢ and prove that
the stationary, translation invariant measures satisfy the following prop-
erty: if one of them is a Gibbs measure with a summable potential {J 5,
R c Z%}, then all of them are convex combinations of Gibbs measures with
the same potential, but different chemical potentials J ;.

1. Introduction and result. We consider an exclusion process on the in-
finite lattice Z?. Each site contains at most one particle and each bond joining
adjacent sites is associated with a Poisson process of intensity c,(7n), a posi-
tive, translation invariant and finite range function of the configuration 7 in
Q =40, 1}Zd. At the jump times of the Poisson process the contents of the two
sites are exchanged.

The existence of such a process is well known [see Liggett (1985), Chapter I].
For a simple symmetric exclusion process (i.e., ¢, = 1), the extremal stationary
measures at density a are the product measures with this density [see Liggett
(1985), Chapter VIII]. Furthermore, in the translation invariant case, if the
process is reversible with respect to a Gibbs measure, then the canonical Gibbs
measures are the stationary ones [Holley (1972); Georgii (1979)].

Actually, the same results were obtained first for the stochastic Ising
model. More precisely, if the spin-flip dynamics is reversible with respect
to a Gibbs measure, then in one and two dimensions all the stationary
measures are Gibbs with the same potentials [Holley and Stroock (1977);
see Vanheuverzwijn (1981) for the analog for exchange dynamics]. In higher
dimensions, the translation invariant stationary measures are Gibbs with
the same potentials [Holley (1971)], whereas the problem is still open if one
drops translation invariance.

The next question concerns nonreversible dynamics. What are the relations
between stationary measures? A first result in this direction is as follows:
when, for any x, y € Z%, the rate of exchanging site x and y does not depend
on the configuration, say, c¢(, ) = p(0, y — x), and satisfies for any ¢ > 0,

tn
> ;(p(”)(x, y)+ " (y, x)) > 0,

n>1"""

where p(™ is the nth convolution of p, then Liggett (1976) showed by coupling
methods that the extremal translation invariant stationary measures are the

Received September 1997; revised February 1998.

1Supported by NSF Grant DMR-92-13424.

AMS 1991 subject classifications. 28D10, 60K35, 82C22.

Key words and phrases. Relative entropy, Gibbs measures, nonreversible stationary measures.

1303



1304 A. ASSELAH

product measures of density « € [0, 1]. Another result concerns spin-flip pro-
cesses [Kiinsch (1984)]: if the rates are positive, finite range and if we know
a priori that one translation invariant, stationary measure is Gibbs with a
summable potential, then all translation invariant measures are Gibbs with
the same potential. We generalize the method used by Kiinsch (1984) to the
case of exchange processes. Also, our result extends the result of Liggett (1976)
to more general rates, via the relative entropy approach.

THEOREM 1. Let P and u be two translation invariant, stationary measures
for an exchange dynamics with generator (2.1). If P is a Gibbs measure with
a potential {J p} satisfying

(1.1) 3 | k| < o0,

R>0

then u is a convex combination of Gibbs measures with the same potential
{J g, |R| > 1}, but different chemical potential J (.

This result is of interest in the context of hydrodynamic limits for nonre-
versible systems [Eyink, Lebowitz and Spohn (1996)]. There, one would like to
approximate a slowly varying density by a measure which would look locally
like a stationary measure. Thus, it is important to find the relation between
stationary measures at different densities. Our result says that in the trans-
lation invariant case, one goes from one stationary measure to another by
varying the chemical potential.

We follow, as Kiinsch did, an idea which goes back to Holley (1971): We
suppose that P is a stationary measure. Let u be any measure and u, be its
image at time ¢ under the dynamics. We form the relative entropy of n, with
respect to P when both measures are projected over a bounded domain, say A.
The time derivative of the relative entropy can be divided into a subadditive
part, expected to grow like the volume of A, and a part growing more slowly
(the boundary terms). Thus, if u is stationary, the subadditive part must van-
ish. This in turn says that w is a canonical Gibbs measure. Finally, a theorem
of Georgii (1979) identifies extremal canonical measures with grand canonical
measures at different chemical potentials.

The main difficulty, when using this approach, is to estimate the boundary
terms, which are here of a different nature than those encountered by Kiinsch.
However, we found it useful to introduce, like Kiinsch did, the rates {¢,} of
the dual process: for instance, one special (to these models) and quite simple
observation is (3.6),

B ¥ allf |- T co=oli.

ec[A,] ec[A,]

In Section 3, we prove Theorem 1, while in Section 4, we give an example
where our result brings some new information.
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2. Definitions and notations. Two sites x and y in Z¢ define a bond
e = (x, y) if they are one unit apart, that is, if Y% , |x; — y;| = 1. If {;, i =
1,...,d}is a unit basis of Z%, thenfori =1, ..., d, e; denotes the bond (0, é;).
For a subset X of Z%, [ X] denotes the set of bonds with vertices in X, while
| X| denotes the number of sites in X.

The space of configurations () is equipped with the product topology and its
Borel o-algebra. Let

[-2" +1,2" —1]%,
[—-2" 4+ n, 2" — n]?,
A=A, +[-1,1]¢,

and let F, be the o-algebra generated by {n;, i € A, }. Also, the set of cylinders
in A, is denoted by %, = {0, 1}".

Now, we define three operations on (): T', exchanges values of the pair of
sites e in 7, that is, if e = (i, j),

T.(m(@)=mn()),  Tn(j)=mn()

A, =
A, =

and

VE#i,j  T.(n)(k)=n(k);
o; flips only the ith coordinate of 7, that is, 0;(n)(i) = 1 — n(i); 7; shifts by
i € Z%, that is, 7;m(j) = n(j +i).
A Gibbs measure u associated with the potential {Jz} is a probability
measure such that for any finite subset A, for { € Q and 7 € {0, 1}*,

HOIF@) =7 —exp(~ 3 Ju [T o 11 &)

RNA£D ieRNA ieRNA¢

where Z, ,is a normalizing factor. Furthermore, we assume that the potential
is translational invariant, that is, Jr = J, . In this case, Jg, is called the
chemical potential.

A canonical Gibbs measure u is a probability measure such that for any
finite subset A, for { € Q and 7 € {0, 1},

M(nllFm,%m=n>(§)=I{Z“mn}exp(— > Je T T 4).

ZA, in RNA+£D ieRNA  ieRNAc

The generator of our exchange process is

d
(2.1) Lf(m) =2 > co,(m;m)(f(Terjm) — F(M)),

i=1 jezd

where e; + j is the translate of j units of the pair e;, and {c,, i =1,...,d}
are finite range functions.
A crucial assumption is that there are ¢ and ¢ positive constants such that

(2.2) vi=1,...,d, c<c, <c.



1306 A. ASSELAH

For simplicity, we have stated our result in the case of nearest neighbor ex-
changes; however, the whole argument goes almost unchanged for a process
where particles can jump within a finite range.

The relative entropy of the projection of any measure x in the volume A,
with respect to P, is well defined,

(2.3) Hw=Y M(n)log(

nen,

b

with the convention that 0log(0) = 0. The measure u, is defined on %, by

Ve, m(n)=[S/I,)du,

where S, is the semigroup associated with L, and I, is the indicator of the
cylinder 7. Now,

dl"’t(n)

/SL(J ydu = Z /c Ty ity — /cez,,dm.

It is convenient to define
C,(n)={ c,I;ndu
e( ) / et {n}

and rewrite

dH, (k)

(2.4) at

> Z}[(T 't~ 1o tog(% ) [on.

t=0 MER, ec[A;f

We note that, on Q, T;l = T,. However, this is not so on %,: if j ¢ A, and
i € A,, then

VneR,,  T.'(n)=(nn{&eQ: () = £())})

(2.5)
U(oymn{€ e &G) =1-&())}).

3. Proof of Theorem 1. We first rewrite (2.4) so as to separate boundary
terms from the subadditive part,

dH
gp )l 5 [(Te_lr -r )log< )](n)+R1+R2
dt t=0 neR, eclA,]
with
R1 _ Z Z (Tgll"e — Fe)log(;>(n)>
R [ATINA,]
(3.2)

Ri=Y X (1T~ og(

T [ALNA,

)

NIE
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Furthermore, if we define

gn(m) = M, VneNR, and F(x)=x(log(x)—1)+1,
P(m)
then
-1 8n

(3.3) 22[ rm( ﬂmy—z/cn&(i >@+m

N A Tegn

n [A,] [A,]
where
. T P
3.4 R=% ¥ [TEllurr .
neR, eE[A ] e
Now, we can rewrite (3.1) as
gn dHn(Mt)

(3.5) 0< Z/c T,g,F <T )dpi_tﬁt:0+R+Rl+R2'

ec[A, ] esn
We now estimate R, R, and Ry. Then, Lemma 1 concludes the argument by
taking advantage of the convexity of the integrals which appear in (3.5).

Estimate for R. If R is given by (3.4), then R = O(|JA,,]).
We first rewrite (3.4) as
-1

R=3 X
TIE"‘n €€[A ]

Choose n larger than the range of the rates. Then, thinking of the following

quantities as functions on %,, we have

T,T, T,T, T,P T,P

[TFT

T~ T,c,, and Thn P w=T,com—— P = E[¢||F,|n, foree[A,],
where {¢,} are the rates of the dual process in L2(dP),
dT,P
6o =T < Ve € [Z¢].
ce ece dP € [ ]
Thus,
Tr,17,P .
ZT 2 M_Fe:<E|:Zce||Fn:|_Zce)M-
. ol " "
[An] (An] (Ax]

To obtain that R = O(|dA,,|), we only need to show that

(3.6) E[ 5 @HFJ— Y e, = o(|A,),

eelA,] eelA,]

where the conditional expectation is taken relative to P.
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Note that {¢,} are uniformly bounded, positive and continuous. Now, for
feF,

[LfdP=[ ¥ clTuf = F)dP = [ (¢ —c)f dP.
[ecAn] [Ar]
Now, because P is invariant and nonnull, E[3 ,cz1) €. — ¢[|F,] = 0. Thus,

E[ > 6e—ce||Fn]=E[ > ée—cenFn]

ec[A,] [AZINA,]

and
!E[ RITAES> | = 2d(1él. + lel)l A\ A,
b Leela,] eelA,] !

which yields (3.6) at once.

Estimate of Ry. Fix a bond e = (i, j) with j ¢ A, and i € A,,. Define
N, = o N4{E € Qi T() # £} and

Re = Z (Tglre - Fe)10g<g)(n)
nen,
Thus, recalling (2.5),
_ 1 -1 1 O'iP
Ro= 5 ¥ @n) =TT og L2, %)

nefR, i

Now, o; P/ P is uniformly bounded. Indeed, if N, stands for the projection from
Q to {0, 1},

o-iP d(TlP
P ONA=E|: P ||FA1|, P-a.s.
Also,
d(TL' P
dP ZeXP<(1—2”h’)ZJR 1_[ na)
R>i aeR\i
implies that
O'iP
1og( : (n)) <Y |Jel=K
R>0
and
_ O'iP _ _
> (25T - Tuaog( 75 ) () = 26K 5 w(n,) < 2eK.
nen, ne€,

Now, it is easy to see that

T;'n,=(o;m). Cn
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Thus, by using symmetry,

R,<¢K+ Y lo g(M(al(n))>/ceIn du.
w(n)=p(ai(n)) p(m)

Therefore,

RoseK+e ¥ uolog

w(n)=p(oi(n))

M(%’(ﬂ)))
w(n) )

Now, the basic inequality

A A
xlog() < — forx>0
x e

1
R, gc(K—}— ),
e

and by summing e over [A]]/[A,], we obtain B; = O(|dA]).

implies that

Estimate of R,. Rewrite R, as

R2 = Z Z |:(Tere - Fe)IOg

€M ee[A,]/[A,]

TenT
w I,

(3.7) + > X [(TeF I,)log

ﬂe"ln ec[A, ]/[A ]

o

<y ¥ TFlog( l’f

€Ny ec[A,]/[A,]

Now,

sup < max(|log(?)|, | log(c)|) =

nenR,

Also, if RA{x, y} denotes (R\{x, y})U ({x, y}\R),

log—(n)

TP dT,P
poM=E| G IF.]
and
dT,
d’Py = eXP[(”f)x - ny) Z JRnRA{x,y}:|
[RN{x, y}|=1
imply that
dT, P T,P\]|
lo ”) <2K and su 10( >'<2K.
g( a )| = e 8\P )| =
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Finally,
(3.8) R, < 2¢ (K + K')|[A,\[A,]]-

LEMMA 1. If w is stationary and translation invariant, then for any m,

mTem)  P(T,m)

(3.9) Vi=1,...,d, VneR,, =
m(n) P(n)

PROOF. By translation invariance we only need to show thatfori=1, ..., d,

9e(8n) = [ Co(Te /B — /&) AP =0.

The reason to introduce Z,, is its convexity, because if m < n, g,, = E[g,||F ],
we have

De(8m) < Z.(81)-

Using (3.5), the estimates for R, R; and R,, the inequality F(x) > (1 — /x)?
for x > 0 and translation invariance,

o)z T [e Tt F(752)dP= ¥ 2a

edn

ee[A, ] ec[A,]
(3.10) ) ;A
z Z Z“@j-&-ei(Tjgm) = Z 2n gei(gm)a
jeh, i=1 i=1

and the result follows easily. O

This tells us that u is a canonical measure. A well known theorem of Georgii
(1979) implies that u is a convex combination of grand canonical measures
with the same potential, but different chemical potential.

4. One example. There is a simple one-dimensional example where our
result applies. It appeared in Katz, Lebowitz and Spohn (1984). Let the po-
tential Jp = —J if |R| = 2 and Jp = 0 otherwise. Let G be the corre-
sponding set of Gibbs measures. Any rates which satisfy ¢; ;,; = 7,c with

¢ = c(n_1, Mo> M1, M2) and
¢(0,1,0,1) = e’/2¢(1, 1,0, 0),
(4.1) ¢(1,1,0,1)+¢(0,1,0,0) = c(0,1,0,1)+¢(1, 1,0,0),
c(n® 1) = c(n) exp(J (no — 11)(n2 — 1-1) + E(1n1 — o))

would make the generator invariant for any » € G. For some definite examples,
take

E
c(n_1, Mo> M1> M2) = exp(— |:J(770772 +m_1my) + 5(771 - 770)})
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or
c(M_1, Mo, M1> M2) = eXP((ﬂo - 771)|:c2](772 —m_1)+ Z;})
Then, Theorem 1 would say that this system has no other invariant measures.

REMARK. A straightforward corollary of our proof and observations of Hol-
ley (1972) is that for any translation invariant initial measure p and conver-
gent subsequence u, , the limiting measure is necessarily a convex combina-
tion of Gibbs measures with the same potential as P; however, we do not know
if this limiting measure is stationary for the dynamics.
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