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Abstract, Consider the + phase of the two dimensional nearest neighbor
ferromagnetic Ising model at a temperature below T,. Let v, be the restriction
of this measure to a coordinate axis. We prove that there is no one dimensional
translation invariant summable interaction for which v, is a Gibbs measure.
This is proven by showing that if such an interaction existed, v, would have
large deviation properties different from those it actually has. Percolation
methods are used in the proof.

In this note we consider the two dimensional nearest neighbor ferromagnetic Ising
model. The formal Hamiltonian may be written as

Hlsing(o.)': _(J/z) Z O'xo'w
()
where J >0, 6 =(0,).cz2, 6,= F 1 and the sum runs over the pairs of nearest
neighbor sites of Z2.

Let A, be the box {—n,...,n}? and p, , , be the Gibbs measure with +
boundary conditions on (A,). (Throughout this paper we will always take the
usual factor § equal to one in the definition of Gibbs measures). As n— oo, p, + ;
converges weakly to the + phase u, ;. u, - yand u_ ; haveanalogous definitions.
Set

Jo=inf{J>0pu_ ;#ps s}

Given A c Z?, let #(A) be the c-algebra generated by the random variables
{o,:x€A}. Denote by L the line Z x {0} and let v ; be the restriction of u, ; to
Z (L), i.e., the measure induced by u. ; on L.

We will prove below

Theorem. Assume J > J,. Then there is no one dimensional translation invariant
summable interaction such that v ; is a Gibbs measure for this interaction.
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Our motivation to consider this type of question arises from the desire of better
understanding how generally a measure is Gibbsian. (See open problem Bl in
[Rue], p. 169). While the result in this paper is only a negative answer in a very
particular case, it shows that even measures that appear naturally in connection
with simple statistical mechanics models may be non-Gibbsian (in the sense stated
in the Theorem). This possibility was pointed out in [GP1, GP2 and Gri] (see also
[Isr 3]), in connection with problems related to real space renormalization group
procedures. In these papers restrictions of Gibbs measures to sublattices obtained
from the original one by “decimation” were for instance discussed. It is possible
that the methods used in the present paper may help to elucidate some of the
problems raised in those papers. We have also some hope that the methods used
here can be adapted to deal with measures which are invariant for some stochastic
dynamics, for which it is in general interesting and hard to decide whether the
measure is Gibbsian or not (see [Kun and LS]). One should remark that if a larger
class of interactions and a more general definition of Gibbs measure is adopted
[Isr 1, Isr 2] one can find an interaction for which not just one measure, but all
the measures in an arbitrarily large finite set are Gibbsian. These interactions
nevertheless give rise to all sorts of pathologies and seem therefore to be of little
physical significance (see the remarks on pages 119 and 120 of [Isr 2]). We should
also remark that in [Koz and Sul], necessary and sufficient conditions for measures
to be in certain classes of Gibbsian measures are provided. But these conditions,
which involve continuity of conditional probabilities, are in general hard to verify.
We were not able to use them in this paper and in some other cases (see [LS]).

Next we recall the definition of the class of interactions mentioned in the
Theorem. For this purpose let 2 ,(Z) be the set of finite subsets of Z and
Q={—1,+1}% Given Ve?(Z) and ieZ, set

V+i={jeZ:j—ieV}.
Given now wef, we define 7,0 by (1;0); = w;_;. A one dimensional translation
invariant summable interaction is a function Iy (w), We2 ;(Z), weL2 such that
() Iy +i(r;0) = Iy (),
(ii) WZ sup|Iy(w)| < co.

:0eW
Remark. (i) and (ii) imply that for any VeZ? (Z),
Y suplly(@) < . (1)

W:WnV+¢d o

A measure u is a Gibbs measure for the interaction Iy (w) if for every Ve? (Z)
and 6ef2 a version of the conditional probability

pu{w:w; =0, for ieV|w,; = o, for ieV*}

is given by

e—HV(a) z e—HV(a")’
a’eBv(0)
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where

HV(O-)':W. Z Iy (0)

WnV+¢

and
By(0)={0’eR:0’; =0, for ieZ\V}.

We turn now to the proof of the Theorem. Since J > J_ is fixed, it is generally
omitted.
Define

S,={—n,...,n}

(below we will redefine S, as a subset of Z2, but this should not give rise to any
confusion). And m* = [6,dy, . Our reasoning is as follows. The following large
deviations property for v, is known to hold ([Sch, CCS]):

Proposition 1. Assume J > J_, then there exists a convex function ¢:[—1,1]—
[0, 00) (which depends on J) such that @(m) =0 if and only if m =m* and

fim |S,| " logv, ,{w:IS,I"* ¥ we(@b)} = — inf o(m) @

n—oo ieSn a<m<b

forany —1<a<b=1.

On the other hand, in [FO and Oll] large deviation properties were proved
for the empirical field associated with a large class of Gibbs measures, including
all the Gibbs measures for translation invariant summable interactions, considered
above (the same result was also announced independently in [Com]). It follows
from this result, via a contraction principle (see Sect. 6 in [OIl]) that any Gibbs
measure in this class satisfies a large deviation property of the form (2) above, but
the corresponding function ¢(m) has a unique zero if and only if there is no other
translation invariant Gibbs measure for the same interaction having a different
density (see the last remark in Sect. 6 of [Oll]). Therefore Theorem 1 will be proved
once we prove

Proposition 2. Assume J>J,. If v, ; were a Gibbs measure corresponding to a
translation, invariant summable interaction, Iy (w), then v__; would also be a Gibbs
measure for the same interaction.

Our proof of Proposition 2 is based on a simple idea exploring a result in
[Rus], but the technicalities may obscure the arguments. Therefore we first sketch
our approach. We want to show that for any #, v, conditioned on {w;= —1 if
li| = ¢} is stochastically lower than v_. It would then follow easily that as £ — oo
this conditional measure converges to v_, implying what we want to prove. But
the procedure above involves conditioning on a set of v, probability zero. So we
have to introduce a cut-off, conditioning on {w; = — 1 if# < |i| < n} for appropriate
n and use carefully the definition of a Gibbs measure. This is done in the proof of
Lemma 2 below. We start with several definitions (some appeared before and are
recalled) and Lemma 1, where we use results and percolation techniques from [Rus].
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Subsets of Z?:

Ay={—n,...,n}?%

L=Z x {0},
S,={—¢,....t} x{0} for ¢2=0,
R,,=S8\S,_, for 1=¢<n,
R,=L\S, , for £=21, Ry=L.

Measures:

i) uf is the Gibbs measure for the two dimensional Ising model with “boundary
condition™ g, = — 1 if xeR,, 6, = + 1 if xe(A,)\R,.
iiy By FKG, as n— oo, ;i converges weakly to a measure p’.

o-algebras:

F(A) = o-algebra generated by the spins {o,:x€A},
Fo= () F(A)
inite

Inequalities:

i) Given two measures p; and p, on F(Z?), we write p; < p, if [ fdu, <[ fdp,
for every coordinatewise non-decreasing continuous function f: { —1,1}%* > R.
ii) An event is said to be positive if its indicator function is a coordinativewise
non-decreasing function.

Lemma 1. Forany /20, )’ <pu_.

Proof. By FKG, 4 is an extremal Gibbs measure for the system on the lattice
Z*\R,, with formal Hamiltonian

H((O') = Hlsing(a) + ZZZ hxax9

where
h, =(J/2) (number of nearest neighbors of x in R,).

Indeed, if u is any Gibbs measure for this system, u < u/, and therefore u’ cannot
be decomposed into a non-trivial convex linear combination of these measures.
From the extremality, it follows that &  is trivial when measured by p’ ([Rue],
Theorem 1.11).

We will use now percolation techniques from [Rus]. The reader should consult
this paper for the definitions of terms like “infinite cluster,” “*circuit,” etc, used
below.

Let C, [respectively C,] be the event that there is an infinite (+ ) cluster in the
upper [respectively lower] half plane Z x {1,2,...} [respectively Z x { — 1, —2,...} ].
Then

H((C) 2 K (C.Y [ {o, = — 1 for xeS,_ })u{o, = —1 for xeS,_,}
=u°((C)) U {o,* = — 1 for xeS,_,}.

But Lemma 8 in [Rus] states that the first factor in the right-hand side above is
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one, while the second one is clearly positive. Hence p/((C,)°) > 0. Now the triviality
of & ., implies u/((C,)) = 1. Analogously u/((C,)) = 1.

Now it is easy to finish the proof, with a standard argument. The absence of
infinite (+) clusters in the upper and the lower half planes implies the occurrence
of a * circuit of—surrounding any given finite region (remember that the spins
are constrained to be — 1 on R,). This fact implies 4’ < p_ (see the proof of Lemma
1 in [Rus] for details). [

We will denote by E, expected values with respect to v, . Saying that v, is a
Gibbs measure for the interaction Iy (w) is clearly equivalent to requiring that for
any Ve?,(Z) and any event Eec#(V),

e—HV(G')
o'eBy(c)nE
fV,E(G) = Z o~ Hv(@) (3)
6”eBy (o)

is a version of the conditional expectation
E, (1| F (V) (o),
where, as before
By(0)={0'eR:¢';=0;if ieZ\V},

and 1 is the indicator function of the event E. Below we use the notation f, ;(0)
for fy p(0) when V' =S,. We denote by o _ the configuration identically — 1 on Z.
Recall also that p, _ is the Gibbs measure for the two dimensional Ising model
with—boundary conditions outside A,={—¢,...,/}* and that u_ is the limit of
Uy _ 88 £ — 0.

Lemma 2. Under the assumptions of Proposition 2, if Ee%(S,) is a positive event, then

He, (E)= frp(0-) = p-(E),

where f, corresponds via (3) to the interaction Iy(w), supposed to exist in the
assumptions of Proposition 2.

Proof. Take an &> 0. By the definition of x, there exists an n, such that if n = n,,
pn(E) < 1/ (E) + ¢/3. 4)

(1) implies that f, ;(-) is continuous. Therefore there exists n, such that if ¢’
satisfies ;= — 1 for i€S§,,, then

|f(,E(G’) -f(,E(O'-)l <¢/3. )

Set i1 =max (ny,n,).
By an application of the theorem of convergence of martingales (see Theorem
35.5 in [Bil]) we have

E. (5|7 (R, y))(0) = [, £(0) ©)

as N — oo, for almost every o. But for any n the set D, = {0'eQ:0;= —1 if i€S,}
has v, positive measure. Therefore there exists ¢’eD, such that (6) holds when
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o =¢’. Take now N =1 such that

|E+ (1| # (R, ) (0) — £, pl0)| S /3. ™
Using (5) and (7)

f(,E(O'—) = fz,E(al) +¢3<E, (1E|‘97(RZ,N))(OJ) + 2¢/3
= . (El{w: 0, =0} for xeR,\}) + 2¢/3.
By FKG
fo5(02) < 13 (E) + 26/3.

Using (4) and Lemma 1,

frpl@ ) S (E)+eZ u_(E)+e.
Since ¢ is arbitrary, it follows that

feplo) S p_(E).
The proof of the lower bound is analogous but simpler since, clearly, by FKG,
B = o

For(0 )2 £,5(0) — e/3 2 E(L5| F (R, ))(@) — 2¢/3
2, (o)~ 2¢/3.

Proof of Proposition 2. From Lemma 2,
lim f, ;(0-)=p_(E)=v_(E),

£—
for any positive event E which depends only on finitely many spins. By standard
arguments, using inclusion-exclusion, we can drop the condition of positivity of
E. But this implies (see Theorem 1.9 in [Rue]) that v_ is a Gibbs measure with
respect to the interaction I (w). [

The Theorem follows now by the arguments given before Proposition 2.
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