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Abstract. We prove cluster properties of the correlation functions at high
temperature and arbitrary activity., We obtain also results on clustering at complex
temperatures and activities.

§ 1. Introduction

In a recent paper [1] it was shown that the correlation functions of
a lattice gas with negative two-body interactions have some cluster pro-
perty not only at low activity, as known before [2—4] but also for all
values of the activity z inside the Lee-Yang circle defined by
f<exppd A= 3 gl). 1)
0+yez”

Similar results [1] have been obtained for purely repulsive potentials but
with the Lee-Yang circle replaced by the circle of convergence of the
Mayer series.
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In Ref. [1] analyticity properties in § and z of the pressure and the
correlation functions are proved for z in any compact not intersecting
the Lee-Yang circumference |z| = expfi4, in the attractive case, or for
z in the interior of the circle of convergence of the Mayer series, in the
repulsive case.

In this paper we deduce results, complementary to the above cited
ones, concerning clustering and analyticity at high temperature for
lattice gases with very general interactions (not necessarily attractive or
repulsive and possibly involving many-body interactions).

We show that there exists f,> 0 such that the Ursell functions
u(X) are analytic in z and f for z in an open region (' of the complex
plane including an open strip around the real positive axis (see Fig. 1:
C has the form of the complementary of the dashed set) and f in a
neighborhood I, of the set |Ref| < 5, Imf = 0.

Furthermore if X is a configuration X = {w, @, ..., 2y} and
X =X, uX, is any decomposition of X into two configurations at
a distance d (X;, X,), then there exist § > 0, « > 0 such that:

lu (X, U Xz)l < I X)) + N (X)) exp — a&}:&)‘ , (2, ,3) coxlI,, (2)

where 4 < -+ oo is the range of the interaction. If 1 = 4 oo the following
weaker result still holds for (z, 8) €0 x I,:
d(Xhh}g_m w(X; uX,)=0. (3)
N (X)) + N (X,) fixed

The techniques used to obtain (2) and (3) are similar to the ones used
in Ref. [1] except that we obtain bounds on  (X) and analyticity regions
by using integral equations instead of the Lee-Yang theorem on attrac-
tive potentials or the Groeneveld alternating sign property for positive
potentials.

We remark that (2) implies that

Y X)) <+ . (4)
0€X
N (X) fixed
§ 2. The Interaction Potentials

Suppose the particles are on a v-dimensional lattice Z” and interact
through symmetric translationally invariant many particle potentials
DE) (2, . ..xz;) and consider these as a function @ on the finite configura-
tions X defined by

D(X) = PO (@ ray () X = {2,252y m}

We consider only interactions involving a finite number of particles such
that @@ (z, x) = + oo and we call X the set of the sites occupied by
particles in X (so if X + X the configuration X has zero probability).
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Furthermore we suppose finiteness of the energy of the origin, i.e.

D] = 2 [@(X)] <+ o0 (5)

0€X

X=X
We denote by B the class of potentials described above. Since we shall
be interested in the analyticity properties in the activity z = exp — fO®
it is useful to write @ = (@M, @) where @’ is obtained from @ by setting
the one particle potential @®) (which may be interpreted as minus the

chemical potential) equal to zero.
It is also useful to introduce the potential L@ ¢B defined, for

X=2X by (ZD) (X)= (—1)Y@ ¥ @(S), DB (6)
s5%
§=49

(this potential is related to the symmetry properties of the lattice gas
under the exchange of particles and holes [5]) and the quantities:

A= ) @(S) (energy of the origin), (7)
by

y =1+ 2(exp(®I®l —1) — 1],

Y = 1+ 2(exp (Pl — 1) — 1], ®)

a=expfo D], o =expf,[(LD)]. 9)

§ 3. Review of Useful Results

The following properties are proven in Refs. [2—6]:
i) Consider the two circles centered on the real axis respectively at

z = T(y%}fﬁ and z = — &’ expfy4 [where «, y, ¥', 4 are defined in (7),

(8), (9)] and with respective radii: ?(h
B, is so small that the maximum real z on the left circumference is, as
in Fig.1, inside the right circle.

If O is any closed set in the complementary €' of the dashed region
drawn in Fig. 1 it is possible to choose 8, small enough that there exists
a neighborhood I, of the set |Ref| < f,, Imf = 0 such that the correla-
tion functions gg4(X) are analytic functions in (f,2) €I, X C. In this
case there also exist [5, 6] a constant 6, > 1 such that

loga(X)| = oy X (p,2) €I, xC. (10)

Remark. What is really proved in Refs. [5, 6] is that if § is in a
suitable neighborhood of the set |Ref| < f,, Imp > 0, with §, sufficiently
small, and z is both in € and inside the right circle we have|gs4(X)| = 6p.
However under the same conditions but with z outside the left circle we
have, using the symmetry between holes and particles, that gg4(X)

= 2 (=1)¥®) 050 0(X) (for X = X) and |oppa(X)| = 6. Inequality
sScx
(10) is a consequence of these two facts.

19%

and y’ o’ expfl, 4. Suppose
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ii) The Ursell functions are given, for sufficiently small |z|, by the
convergent [2—4] series:

w(X) =28 3 2n e, (X), (11)
n=20
where the coefficients ¢, (X) are of the form
GaX)= ¥ UXUY)

Y,NT)=n
and the functions U(S) are defined by (apart from combinatorial
factors): U(S)=3 I o@ 1), (13)

T Tcr

where ' means sum over all the “connected diagrams” contained in S.
T

The coefficients c,(X) have the following properties [1—4]

lim e, (X; uX,)=0 14
A(Xy, Xg)—>c0 n( 1 2) ’ ( )
N(X;) + N(X,) fixed

(X uxy) =0 it LX) v NE) e, (15)

where 4 denotes the range of the interactions; (14) can be proved in the
same manner used for two-body interactions in Ref. [1], Eq. (15) is
obvious.

§ 4. The Cluster Properties

The Ursell functions are defined in terms of correlation functions:

%
w®=- XG5 B [ elX), (16)
k=1 (X, Xp =

where the second sum runs over the ordered families of k configurations
such that U;X; = X. Then using (16) we find

u(X)| < @YD )Y@ NX)+0 (B2 €L,xC. (17)
Let us now choose the analyticity region C to be the closure of a simply
connected open set containing the origin!. Then by Rieman’s theorem [7]
there exists a conformal one-to-one mapping z — £(z) which maps the
interior of C' onto the interior of the unit circle of the complex ¢-plane
and leaves the origin invariant. Thus the Ursell functions have a power-
series expansion in ¢, convergent for |f| < 1:

w(X) =& 3y, (X), (18)
r=0
where, for ¢ sufficiently small and z =} ¢, ¢*,
r=1
r
= ) e(X 2 Chy Chy + + + Chiyizyam - (19)
nz0 N(X)

k,ZIZk;—r+N(X)

1 At this point we could apply a very general theorem by ZERNER [8] to obtain
the promised result (we owe this remark to RUELLE).
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Hence, from (14) and (15) it follows that

pXux)—o it X vy NE) £ @)
and, if A= + oo:
7 Xl?i)__)m yr(Xp U Xy)=0. (21)

N (X)) + N (X,) fixed

Now using the Cauchy formula (integrating over a circle of radius as
near as we want to 1) one finds from (18) and (17) that

u(X)dt

tN(x)+r+l

72 (X)] = 5 = @V g 22)
Hence the series (18) converges uniformly in X and ¢ provided N (X) is
fixed and ¢ is inside any compact contained in the interior of C. Thus
from (21) we can deduce property (3) for (f,z) €I, x C and from (20)
we deduce [for (,2) €I, x C]:

A(X1, X2/

lt(2)] ( )

[u(X; U Xy)| < TIoTE

Q¥ @) ¥ @) Jt(2)] < 1. (23)

§ 5. Possible Improvements

The results at hand are incomplete in two respects. First in the case
of infinite range interactions one has only the quite weak cluster pro-
perty (3) whereas one expects that a cluster property of the form (4)
holds.

Secondly one has little information, even in the case of finite range
interactions about the dependence of the cluster property on N (X). It
is known [2—4] that at sufficiently low |2| one has a cluster property,
both for finite or infinite range forces of the form

Y @<+, (24)
0ex
N (X) arbitrary

It seems that, at least for what concerns the second problem, one
has to use some different techniques like, for instance, integral equation
methods of Refs. [2, 4, 5].
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