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LOGARITHMIC SOBOLEV INEQUALITIES
FOR UNBOUNDED SPIN SYSTEMS REVISITED

M. LEDOUX

University of Toulouse, France

Abstract. — We analyze recent proofs of decay of correlations
and logarithmic Sobolev inequalities for unbounded spin systems in
the perturbative regime developed by B. Zegarlinski, N. Yoshida, B.
Helffer, Th. Bodineau. We investigate to this task a simple analytic
model. Proofs are short and self-contained.

Let p be a probability measure on R satisfying, for some constant C' > 0 and
for every smooth enough function f on R, either the Poincaré (or spectral gap)
inequality

Varu(f) < € [ du

where Var,(f) is the variance of f with respect to y (see below), or the logarithmic
Sobolev inequality

Batu() < C [ 17dp

where Ent,(f?) is the entropy of f?* with respect to u (see below). It is well-known
that the product measure u™ of p on R" then satisfies the preceding inequalities
(with the Euclidean length of the gradient of the function f on R") with the same
constant C, in particular independent of the dimension n.

Let now H be a smooth function on R™ such that [e~Hdu™ < oco. Define @ the
probability measure on R™ with density

with respect to u™, where Z is the normalization factor. It is a natural question to
ask under which conditions on H, the probability measure @ will satisfy a Poincaré
or logarithmic Sobolev inequality, and to control the dependence of the constants
on H. For example, one may consider potentials H of the form

H(z) = (Az,z) + (B,z), =z €R",
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where A4 is an n x n matrix and B € R". In particular, it might be of interest
to describe classes of matrices A and vectors B for which the spectral gap and
logarithmic Sobolev constants are independent on the dimension n. The simple

example of
n

H(z) = inwH—la z €R",

=1

where zn41 = 1, discussed at the end of Section 1 already raises a number of
non-trivial questions.

This setting includes classical examples of spin systems in statistical mechan-
ics. Logarithmic Sobolev inequalities for compact spin systems have been studied
extensively during the past years, in particular in the papers [S-Z1], [S-Z2] by D.
Stroock and B. Zegarlinski, [L-Y] by S. L. Lu and H. T. Yau and [M-O1], [M-02] by
F. Martinelli and E. Olivieri. Recently, B. Zegarlinski [Zel], N. Yoshida [Yo1], [Yo3],
B. Helffer [He2] and Th. Bodineau [B-H1], [B-H2] investigated the more general
and delicate unbounded case. For example, for a finite subset A in Z%, d > 1, and

d
boundary condition w € RZ", consider the measure Q = QM¥ with density, with
respect to the product measure u? of i on A, % e~ ’H where J € R and

H(z) = HA""(a:) = Z TpTq + Z Tpwy, T = (:l:p)peA €RA,
P,9€A,p~q PEAqEA,p~g

where the summations are taken on nearest neighbors p ~ ¢ in Z%. Results in the
preceding references assert that for one-dimensional phase measures dy = % e %dz
where u is strictly convex at infinity, both Poincaré and logarithmic Sobolev inequal-
ities hold uniformly in cubes A and boundary conditions w provided the interaction
coefficient J is small enough (perturbative regime). A typical example of phase u
is given by the double-well function u(z) = z* — 822, z € R, 8 > 0. Spectral gap
and logarithmic Sobolev inequalities represent smoothing properties of the associ-
ated stochastic dynamic of fundamental importance in the control of convergence to
equilibrium for various spin systems (cf. [S-Z4], [Zel], [Yo2]), thus providing strong
motivation for their investigation.

Our aim in this work is to analyze these results on the preceding abstract model,
and to describe at each step the conditions required on H. Spectral gaps and decays
of correlations are presented following the Witten Laplacian approach by Helffer-
Sjéstrand [He-S], that we however describe in an elementary way by classical semi-
group methods. This global analysis does not seem to work for logarithmic Sobolev
inequalities for which the usual induction procedure on the dimension has to be
performed as developed in [Zel] and [Yol]. Together with appropriate correlation
bounds, the proof may actually be described in a rather simple minded way.

The purpose of this work is a mere clarification and simplication of the argu-
ments of the papers [Zel], [He2], [Yol] and [B-H1] (see also [Yo3], [B-H2]). We adopt
the convexity assumptions on the phase p of [B-H1]. We only consider the perturba-
tive regime where the coupling constants are small. For the matter of clarity, all the
constants are explicit. We do not study here the non-perturbative case, for which
spectral gaps and logarithmic Sobolev inequalities usually do not hold uniformly,
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but for which a formal equivalence between spectral gap, decay of correlation, and
logarithmic Sobolev inequality has been shown in [S-Z3] for the compact spins and
in [Yo3] for the unbounded case.

Section 1 collects a number of classical results on spectral gaps and logarithmic
Sobolev inequalities, tensorization, convexity and I'z conditions etc, essentially by
means of simple semigroup arguments taken from [Bal], [Le2]. The next section em-
phasizes some correlations inequalities from [He2], [Yol], [Yo3], [B-H1]. In Section
3, we present Helffer’s method for spectral gaps that we describe in the generality of
our analytic model. This method unfortunately breaks down for logarithmic Sobolev
inequalities so that we have to develop the usual inductive proof. To this end, we
describe, in Section 4, marginal distributions when the phase is strictly convex at
infinity following [B-H1]. We then proceed to the Markov tensorization of the loga-
rithmic Sobolev inequality (martingale method). In Section 6 we present the main
result about uniform logarithmic Sobolev inequalities for the more specific spin sys-
tems mentioned above. We conclude with some remarks and extensions. While the
paper might look long for what it announces, note that the first part (Section 1) is
a self-contained review on known facts and results on spectral gaps and logarithmic
Sobolev inequalities that can be skipped by readers familiar with the theory (and
aware for example of references [Ba], [Ro], [He3], [An], [G-Z]...).

1. General results and known facts

Throughout this work, if m is a probability measure on a measurable space
(E, ), we denote by

\WMD=/FMP(/Mﬁy=/U—HMW%1

the variance of a square integrable real-valued function f on (E, ) and by

Entn,(f) = /flogfdm—ffdmlog (/fdm)

the entropy of a non-negative function f on (E, £) such that [ flog(1+ f)dm < co.

Let m be a probability measure on R™ equipped with its Borel o-field. We say
that m satisfies a Poincaré inequality if there exists A > 0 such that for all smooth
enough functions f on R",

Aw%msfwwwz (1.1)

where |V f| is the Euclidean norm of the gradient of f. We denote by SG(m) the
largest A > 0 such that (1.1) holds for all smooth functions f. (By smooth, we
understand here and throughout this work, enough regularity in order the various
expressions we are dealing with are well defined and finite.) Similarly, we say that
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m satisfies a logarithmic Sobolev inequality if there exists p > 0 such that for all
smooth enough functions f on R",

pEntn,(f?) 52/|Vf|2dm. (1.2)

We denote by LS(m) the largest p > 0 such that (1.2) holds. The normalization in
(1.2) in chosen in such a way that the classical inequality

LS(m) < SG(m) (1.3)

holds. In particular, logarithmic Sobolev inequalities are stronger than Poincaré
inequalities. The proof of (1.3) follows by applying (1.2) to 1 + ¢f and by letting
¢ tend to 0. Logarithmic Sobolev inequalities go back to the foundation paper [Gr]
by L. Gross where they are shown to describe equivalently smoothing properties
in the form of hypercontractivity. The prime example of measures satisfying (1.1)
and (1.2) is the Gaussian measure with density (27r)_"/2e_"312/2 with respect to
Lebesgue measure on R"™.

In this section, we review basic facts on spectral gaps and logarithmic Sobolev
inequalities as well as known criteria in order for these inequalities to hold. To de-
scribe measures satisfying either Poincaré or logarithmic Sobolev inequalities is a
challenging question. Equivalent conditions in dimension one in terms of the distri-
bution function of m are presented in [B-G]. These conditions are however difficult to
tract and in any case do not extend to higher dimensions. Poincaré and logarithmic
Sobolev inequalities are however well suited to product measures.

Lemma 1.1. If m is a probability measure on R, and if m™ denotes the product
measure of m on R", then, for each n,

SG(m") = SG(m) and LS(m") = LS(m).

Although classical, let us briefly present the argument leading to Lemma 1.1
since it plays a crucial role in the investigation of logarithmic Sobolev inequalities
in dependent cases (cf. Section 5). Let f be a smooth function on R™, and let Ir
on R*, k = 1,...,n, be the conditional expectation of f given zi,..., . In other
words, in this independent case,

fe(z1,---,2k) :/f(zl,...,wn)dm(zk+1)---dm(zn), (z1,...,2x) € RF. (1.4)
Now,

Varmn (f) = [ fedm® — (524 ]
ar ; /k /k m

where we agree that fo = [fdm™. Since fi_; is also the conditional expectation of
fx given z1,...,7_1, and since m™ is a product measure,

[ s2am® - [ s = [ Vet ()i
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where we denote by mj the measure m acting on the k-th coordinate zx. Therefore,
- 2
SG(m) Varp-(f) < Z/iakfk| dm™
k=1

where O denotes partial derivative with respect to the k-th coordinate. Now,

Oufi= [Bufussdmoi) = -+ = [oufim(arss)--dm(an)

so that, by Jensen’s inequality,
SG(m) Varmn (f) < 3 / |0k £ dm™
k=1

from which the claim concerning SG(m") follows.

To reach a similar conclusion for LS(m"), we have to modify (1.4) into

Julz o) = (/fz(xl"“’””")dm(mkﬂ)'“dm(zn)>1/2

that does not induce any fundamental changes in the argument. However, since now

20k fr =/2fk+13fk+1dm(xk+1)= =/2f6kfdm(ka+1)"'dm($n), (1.5)

it is necessary to make use of the Cauchy-Schwarz inequality to get
O < [10ufPdm(onsa) - dm(zn)

where we used that fZ = [f?dm(zk+1)--- dm(z,). In the dependent cases we study
in this paper, the derivatives 0k fx involve correlation terms (cf. (5.4)) that have to
be handled separately by the arguments developed in Sections 2 and 3. The use of
f% instead of fr induces furthermore a number of difficulties in the dependent case
that motivate Proposition 2.2 below (cf. Sections 4 and 5).

If m is the product measure of m;,...,m,, we have similarly that

SG(m™) = [min SG(m;) and LS(m"™) = Din LS(m;).

Spectral gap and logarithmic Sobolev constants are stable by simple perturba-
tions. Let U be a smooth potential on R™ such that Z = f e"VUdr < oo and let
m be the probability measure on the Borel sets of R" defined by dm = % e Vdz.
Assume m satisfies a spectral gap or logarithmic Sobolev inequality with respective
constants SG(m) and LS(m). We then have
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Lemma 1.2. Let m' be the probability measure defined by dm' = %Te‘Uldx
where ||U — U'||,, < C. Then m' satisfies a Poincaré inequality and a logarithmic
Sobolev inequality with constants

SG(m') > e7*°SG(m) and LS(m') > e *CLS(m).
Proof. First note that e"¢Z’ < Z < e®Z’. Now, for a given smooth function f,

a€R

Varm(f) = inf / |f(z) - af*dm
and similarly for Vary,(f). Therefore, for every A < SG(m),
AVary (f) = A inf / |f(z) —a|*eV"V' 22" dm
< e*“ \Varp(f)
< e20/ |V f|2dm
< eZC/IVﬂZeUI"UZ'Z"Idm'

< et / |V f[2dm/.

Similarly, as put forward in [H-S], for every a,b > 0, blogh — bloga—b+a >0
and

Entn,(f?) = ;r;f(;/[]ﬂ log f*> — f?loga — f* + a] dm.
Therefore, for every p < LS(m),
pEnt (f?) = pil;f(;/[fz log f2 — f?loga — f* + a] V"V 22" dm
< e* pEntm(f?)

< 2e20/|Vf|2dm
< 2e40/ |V f2dm'.

Lemma 1.2 is established. |

Known examples where Poincaré and logarithmic Sobolev inequalities hold have
been described by the so-called Bakry-Emery I'; criterion [Ba-E], [Bal] that involves
log-concavity assumptions on the measure (rather its density). Assume as before that
m is a probability measure on R"™ with smooth strictly positive density with respect
to Lebesgue measure dm(z) = 17 e~U(®)dg where U is a smooth potential on R" such
that [e~Udz = Z < oco. Let the second order differential operator L = A —(VU, V)
that satisfies the integration by parts formula

[-Layim = [(v5,Vg)am (L6)
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for smooth functions f and g on R". Under mild growth conditions on U, we may
consider the invariant and time reversible semigroup (P;),, with infinitesimal gen-
erator L (cf. [Bal], [Ro] for details in this respect). Strict convexity (or only strict
convexity at infinity) of U assumed throughout this work easily enters this frame-
work. Now, since for a smooth function f on R", Pof = f and Poof = [fdm, we

may write that
Varn,(f) = /f( - / LPtfdtdm) dt
0

_ /0 - ( / Pyof(~LPys f)dm)dt (1.7)
_ /Ooo (/|VPt/2f|2dm)dt.

Set F(t) = [ |VP.f*dm, ¢ > 0. By (1.6) again,
Flt) =2 / (VP,f, VLP,f)dm = —2 / (LP.f)2dm.
Assume now that for some k > 0 and every f,
n/]Vf|2dm < /(Lf)de.

Then —F'(t) > 2xF(t) for every t > 0 so that F(t) < e 2*F(0) and

Varm(f) < /0°° e ' F(0)dt = %/]Vﬂ?dm.

Hence, SG(m) > k. On the other hand, by invariance and the Cauchy-Schwarz
inequality,

J 19 stdm= [ -Lpam
= /(f_ Jfdm)(=Lf)dm < Varm(f)1/2(/(Lf)2dm)1/2

so that SG(m) < k. Therefore, the largest k > 0 is exactly SG(m). This is one
simple instance of the Witten Laplacian approach of J. Sjostrand and B. Helffer
[He-S], [Hel] summarized in the next statement.

Proposition 1.3. The spectral gap SG(m) of m is equal to the largest k > 0
such that

n/|Vf|2dm < /(Lf)zdm

for every smooth function f on R".
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In order to produce spectral gap inequalities, it is thus of interest to study lower
bounds on «. To this task, note that by simple calculus (using invariance of L in the

form fLSOdm —0),
/(Lf)zdm = —/<VLf, 9 frdm
= / ( i(anfﬁ + (Hess (U)V{, Vf))dm, (1.8)

i,5=1

The characterization of Proposition 1.3 thus reads

s [1vstan< [ (3 00+ @es @)vs,9p)im (9

1,7=1
for every smooth f.
Convexity conditions on U, extending the Gaussian example, lead then to simple

criteria ensuring the validity of (1.9).

Corollary 1.4. Let dm = 4 e~Udz where, as symmetric matrices, Hess U)(z) >
cld for some ¢ > 0 uniform in x € R™. By (1.9), k > ¢ so that

SG(m) > c.

This convexity result goes back to A. Lichnerowicz in Riemannian geometry (cf.
[G-H-L]), and also follows from the deeper Brascamp-Lieb inequality [B-L].

Proposition 1.3 has been developed similarly for logarithmic Sobolev inequalities
by D. Bakry and M. Emery [Ba-E] in terms of the so-called T operator. Let, for a
smooth function f on R",

Da(f) = 3LUVS V) = (VF,ILf) = 3 (07 + (Hess (U)V£, V).

i,j=1

Note that [ T'2(f)dm = [(Lf)*dm. Arguing almost as for the variance, for a smooth
positive function f on R",

Ent, (f) =/Om%(/PtflogPtfdm)dt:/ooo</—Pj—fIVPtf!de)dt.

Set now F(t) = [ %}; VP, f|?dm,t > 0. After several use of the integration by parts
formula (1.6), and by definition of I'y, it may be shown that

F'(t)= -2 /Pth‘z(log P, f)dm.

Assume now that for some « > 0 and every f,

/-c/f|Vlogf|2dm < /ng(logf)dm.
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Since F(t) = [ ?17 |VP,f|2dm = [P,f|Vlog P, f|*dm, it then follows that —F"(t) >
2k F(t) for every t > 0 so that F(t) < e 2%'F(0). Therefore,

Entn(f) < /0 " o5t p(0)dt = 51; / %w fI? dm.

Hence, changing f into f2, LS(m) > k. We may thus state

Proposition 1.5. If for some k > 0 and every f,

n/fIVlogf|2dm < /ng(logf)dm, (1.10)
then LS(m) > k.

The only, however main, difference with spectral gap is that here LS(m) is not
characterized in general by & of (1.10) as shown by the following example commu-
nicated to us by B. Helffer. Let dm = —lz—e_"dw be the probability measure on R
with

u(z) = z* — B2*, =z €R, (1.11)

where § > 0. Although u is not uniformly strictly convex, it is clearly convex azt
infinity so that, by Corollary 1.7 below, LS(m) > 0. However, if we let f(z) = e™#%",
z € R, it is easily seen that

_Eqdl' < 0

/fl"z(log fldm = 4ﬁ2/[1 + (122% — 2B)z?]e

z
for B large enough so that (1.10) certainly fails (more generally, see [B-H2]).

The same convexity condition as in Corollary 1.4 however leads to the logarith-
mic Sobolev inequality.

Corollary 1.6. Let dm = 5 e~Udz where, as symmetric matrices, Hess (U)(z) >
cId for some ¢ > 0 uniform in ¢ € R". By the definition of T’y applied to log f, (1.10)
holds with k = ¢ so that

LS(m) > c.

It might be important to recall at this stage that the condition Hess (U) > cId
for some ¢ > 0 may be used in a slightly different way in proofs of spectral gap and
logarithmic Sobolev inequalities. Inspired by results in Riemannian geometry and
the stochastic calculus of variation, it may be shown indeed (cf. [Bal], [Ba2]) under
the condition Hess (U) > c1d that, for every smooth function f and every ¢t > 0,

VB f? <e ?*Pi(|VfI?) (1.12)

(at each point). Under this condition, by invariance,

/ [V P.fPdm < &2 / Py(|V£2)dm = &2 / IV f2dm
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so that, by (1.7), Varm(f) < % [|Vf|*dm whenever ¢ > 0. The proof of (1.12) is a
variation on the principle leading to Propositions 1.3 and 1.5. Indeed, fix ¢ > 0 and
define, for every s < t, G(s) = e~ 2¢* Py(|VP;—s f|?). Then, by the definition of T,

G'(s) =2e7 2P, (F2(Pt—sf) —c IVPt—sflz) 20

from which the result follows. This argument may be used similarly for logarith-
mic Sobolev inequalities but requires the strengthening of (1.12) into |VP,f| <
e ' P,(|V f|). We refer to [Ba2], [Le2] for details.

It follows from the perturbation result of Lemma 1.2 together with Corollar-
ies 1.4 and 1.6 that whenever dm = —é—e_Udm is such that U = V + W with
Hess (V)(z) > cId for some ¢ > 0 uniformly in z € R" and W is bounded (such
a potential will be called below strictly convex at infinity), then the probability
measure m satisfies both a spectral gap and a logarithmic Sobolev inequality. Note
however that by example (1.11), strict convexity at infinity may fail criterion (1.10)
of Proposition 1.5.

Corollary 1.7. Let dm = 4 e~Udz where U = V 4+ W with Hess (V) > cId for
some ¢ > 0 and ||W||, < co. Then

SG(m) > LS(m) > ce™#IWl= > g (1.13)

One odd feature of this perturbation argument is that it yields rather poor con-
stants as functions of the dimension. Typically in R™, the cost would be exponential
in n.

In other directions, it was shown recently by S. Bobkov [Bo2] that whenever
Hess (U) > 0, SG(m) > 0, but again dependence in the dimension is poor. Further-
more, if Hess (U) > c¢Id for some c € R, F.-Y. Wang [Wa] and S. Aida [Ai] (see also
[Lel]) showed that whenever m is integrable enough in the sense that

/e“|’|2dm(w) < 00

for some o > 2max(0, —c), then LS(m) > 0 depending on the value of the preceding
integral. Thus again, this result is rather useless for dimension free estimates.

As is pointed out in [Ro], the class of potentials strictly convex at infinity con-
tains the class of potentials U = V + W, Hess (U) > cId for some ¢ > 0 and W
Lipschitz. To check it, let v, be the Gaussian density (2ro?)—"/? e_|’|2/2"2, o >0,
on R™ and write

U=(V4+Wsqs)+ (W =W x7,).

It is easily seen that for every a € R",
|(Hess (W * v5)a, a)| < Ko7 ?|af
where K is the Lipschitz constant of W whereas
IW %9, — Wi, < Kv/o
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Provided o is large enough so that K < co?, the claim follows. (The preceding
argument was kindly communicated to us by L. Miclo.)

To conclude this recall section, and in order to motivate our investigation, let
us consider the following simple example that concentrates most of the questions
we will deal with next. Let, on the real line R, du = %e—“dz where u is strictly
convex at infinity, that is u = v 4+ w with v” > ¢ > 0, and w bounded. A typical
such example is u(z) = z* — Bz?, B > 0. As we have seen in Corollary 1.7, p satisfies
both a spectral gap and a logarithmic Sobolev inequality. On R", consider then the
probability measure

dQ(z) = % e~ V@) gz

with

n

Uz) = Zu(wi) + Jzn:z,-a:,q_l, z € R",

=1 =1

where J € R and z,41 = 71. We would like to known whether @ satisfies a Poincaré
or a logarithmic Sobolev inequality with constants independent of n, at least if J is
small enough for example. The preceding general results allow us to conclude in two
cases. If J = 0, Q is the n-fold product measure u™ of y for which, by Lemma 1.1,
both Poincaré and logarithmic Sobolev inequalities hold with constants independent
of n. If w = 0, then it is not difficult to see that, at every = € R", and for every
a=(ag,...,an) € R?,

(Hess (U)(z)a,a) = Z adu(z) +2J Z aiaiyr > (c—2|J|)|ef

1=1 =1

that is thus strictly positive as soon as J is small enough (with respect to ¢ > 0).
Therefore, Hess (U) > ¢'Id for some ¢/ > 0 so that, by Corollaries 1.4 and 1.6,
Q satisfies a Poincaré and a logarithmic Sobolev inequality independently of the
dimension. The main trouble now comes from the fact that if the two situations
are mixed, none of the preceding general arguments may be used to conclude, and
a rather delicate analysis is needed to take into account the perturbation in the
product. This is the problem we investigate below.

2. General correlation inequalities

In this section, we make use of the preceding semigroup tools to describe some
correlation inequalities that will be crucial in the analysis of logarithmic Sobolev
inequalities for spin systems. We start with general L? correlation inequalities drawn
for the paper [He2]. We take again the notation of the preceding section.

Proposition 1.3 may be adapted to estimates on correlations by a simple change
of metric. If m is a measure on (E,£), denote by Corm(f,g) the correlation (or
covariance)

Corm(f,9) = [ faim - [ sim [odm
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of the square integrable functions f and g. The correlation may also be written by
duplication

Corm(f, ) / / v)] [9(2) — 9(v)] dm(z)dm(y).

Let dm = —é— ~Udz be as in Section 1 and denote by (P),> the semigroup with

generator L = A — (VU, V). As for (1.7), for smooth functions f, g on R™,

Con(f9) = [ (F = ffdm)gam

- _/Ooo</gLPtfdm)dt
- /0 m( / (VP.f, Vg)dm)dt

where we used integration by parts (1.6) in the last step. This formula is the semi-
group version of the correlation representation put forward in [H-S], [Hel] via the
Witten Laplacian on forms L®" + Hess (U). Now, let D be an invertible n x n
diagonal matrix with diagonal (d;), <;,,. We may clearly write

Corm(f,g) = /0 ” ( / (DVP,f, D—lvg>dm) dt

oo 1/2 1/2
< / ( / |DVPtf|2dm) ( |D_1Vg|2dm> dt.
0

We analyze F(t) = [|DVP,f|*dm, t > 0, as for the spectral gap in Section 1. We
have

F'(t) = -2 / LP,fLPP,fdm

where

LPf = Zd26.,f Zd?@ Ud;f.

=1

If for some k > 0 and every f,
n/|DVf|2dm < /LfLDfdm, (2.1)

then —F'(t) < 2xF(¢) for every t > 0 so that F(t) < e~2%*F(0). Hence we conclude
to the following result.

Proposition 2.1. If (2.1) holds for some diagonal matrix D and some k > 0,
for every smooth functions f and g on R",

1/2 1/2
& Corpm(f,g9) < </|DVf|2dm) (/|D‘1Vg|2dm) .
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As in (1.8), it is useful to interpret (2.1) with the help of the Hessian of U as

fissan=

In particular, x > ¢P whenever

n n
> 051+ ), di6;Udifo; f) dm. (2.2)
i,j=1 t,j=1
DHess (U)D™! > P 1d. (2.3)
We turn to our second correlation inequality, put forward in [S-Z1], [S-Z2] and
adapted to the unbounded case in [B-H1] (see also [Yo3]). It will prove useful in the
inductive proof of logarithmic Sobolev inequalities. Although we will only use this
result in dimension one below, we state it in R™ for possible independent interest.
Proposition 2.2. Assume dm = %e_de satisfies the logarithmic Sobolev

inequality with constant p > 0. Then, there is a constant C' > 0 only depending on
p > 0 such that such that for all smooth functions f, g on R,

1/2 1/2
Corm(f2,9) < 2C ||Vg||w( / dem) ( / IVfI"’dm) .

The proposition of course applies when U = V + W, Hess (V) > cId for some
¢ >0 and ||W]|_, < co since then, by (1.13), LS(m) > ce~*IWll= > 0.

Proof. We may assume by homogeneity that ||Vg| ., < 1. By duplication and
the Cauchy-Schwarz inequality,

Corm(f2,g) = / / )] [£(=) + F¥)] [o(2) — a(y)] dm(z)dm(y)

<(3 [ - f(y)de(z)dm(y))l/z

g (% // |f(2) + £()|*|9(2) —g(y)|2dm(m)dm(y))l/2

< Varn ()2 (2 [ £@lo - g(y)Pdm(x)dm(y)) "
Now, for a,b > 0, ab < aloga + €*, so that, for every € > 0,
[ £@la@ - atw)* dm(@)imiz)
< eEntm(f?) +e / F2dm / / el9@=9WP/e g (5)dm(y).

Since LS(m) > p, by the Herbst inequality as in [A-M-S] (see [Lel], p. 151), whenever

ep >4,
l9(2) =92/ g (2 )d X
€ mlx)am
// (@)im(y) <
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Summarizing, for every ep > 4 and some C(g) > 0 only depending on ¢ and p,

1/2
Cotm(f2,g) < Varm(f)!/? ( Ent() + C(6) | f"’dm)

1/2

< (/dem)l/z (e Ent(f?) +C(6)Varm(f))

Since m satisfies SG(m) > LS(m) > p > 0, the conclusion follows. Proposition 2.2
is established. O

As is clear, the proof of Proposition 2.2 actually shows that for every € > 0
such that ep > 4, there exists C(e) > 0 only depending on ¢ and p such that for all
smooth functions f, g on R",

Corm(f?',g)S”Vg”oo( / f?dm)l/z(sEntm(ﬁ)+C(e)va,r(f))”2, (2.4)

an inequality of independent interest in the perturbative regime [Yo3], [B-H2].

In the spirit of Proposition 2.2, one may establish by related tools stronger L!
correlation bounds. More precisely, one can show, mostly on the basis of the material
developed in Section 1, that if dm = %e‘Udz where U =V + W, Hess (V) > cld,
¢>0,||[W],, <ocoand||[VW], < oo, then, for some constant C' > 0 only depending
on ¢, |[W||,, and |[VW]|, and for all smooth functions f, g on R",

Corm(f,g) < C |Vl / I fldm. (2.5)

Applied to f? instead of f, it yields a stronger conclusion than Proposition 2.2 of
possible independent applications (see the final comments after Theorem 6.3).
3. Spectral gaps for some families of potentials

Let u be a smooth function on R such that z = [e™*dz < co and denote by u
the probability measure on the Borel sets of R defined by

du(z) = ée_“(’”)dz.

Let now H be a smooth potential on R” such that Z = [e™H#du™ < oo and consider
the probability measure

1
dQ = Ee“Hdu". (3.1)
In the notation of Section 1,
1
d@ = 7 e Vdz
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with
n
U) =Y u(w:) + H(z), z=(x1,...,2) €R,
=1
(and Z' = 2"2Z).
Whenever 1y,...,1 are distinct in {1,...,n}, we denote below by Q%1%
the conditional measure on R~ given z, ... ,z;, defined by
. ; _ . 1 -
dQ lly..-yztk(m]' :J7é11>-~w@k)=me H(z) H dﬂ(m])
Ttk
where
ZFTin = /e‘H(”) I due).
FETUTIN I
These should actually only be considered for almost every (z;,,...,z;,) € R¥. We

will ignore below the negligeable sets involved in this definition.

In this section, we describe, following [He2], conditions on H in order that Q
satisfies a Poincaré inequality. The following proposition has been observed by B.
Helffer [He2] by means of his Witten Laplacian approach. The proof is elementary.

Proposition 3.1. Assume that for some h = hq and h = hg in R, Hess (H)(z) >
h1d and max;<i<n O;iH(z) < h uniformly in z € R™. Let

s = 5q = inf SG(QTH®i=1Fittrmtn)

where the infimum is running over all zy,...,%;_1,Tiy1,...,2n in R and 1 <1< n.
Then )
SG(Q) > s+ h—h.

Proof. By Proposition 1.3 and (1.9) of Section 1, it is enough to show that

Jasrae= [(3 @ + hes OVEIN)iQ 2 (s 1) [ (9124

i,y=1

where we recall that U(z) = 377 u(z;) + H(z). For a smooth function f on R",

n

Z (05 f)* +(Hess (U)V £,V f)

i,j=1

= > (051 + Y u"(2:)(8if)? + (Hess (H)Vf, Vf)
=1

1,5=1

>3 (3f)? + > u"(@:)(8: ) + RV
=1 =1
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Now, for every 1 =1,...,n,
Jl@ury + @7 de

>

/ [(8iif)? + (w"(z:) + 0::H)(8: f)?]dQ — B/(Bif)2dQ
= / (/ [(8iif)* + (u"(zi) + 6iiH)((9if)2]szl""’I‘—lvxi+11-~-,zn>dQ
- f@spde.

The one-dimensional measure Q%1:%i-1:%i+1,+%n hag g spectral gap bounded below
by s. By Proposition 1.3, it thus also satisfy the corresponding integral criterion (1.9)
with k = s. Now, the definition of Q%1+ %i-1,%i+1,%n ghows that

1

del1~~'y$i—lvzi+1v~-,xn(xi) — -
27/T1y 0 Ti1,Tig 1, 0T

e H®dz,  (3.2)
so that (1.9) applied to Q=1 Zi-1,%i+1,2n yvields that
/ [(0iif)? + (u"(2i) + 85 H) (8 )] dQTr-+i=1 i1,
> 3/(6if)2dQ$1,~-.,1‘(_1,z;+1,..,,1‘".

Proposition 3.1 is established. |

Proposition 2.1 may be used in the same way to produce correlation bounds. If
D is an invertible n x n diagonal matrix, let A2 € R be such that

DHess(H)D™! > hP1d.

Together with Proposition 2.1 and (2.2), note that

2 A0+ 3 d0UBf0if

1,7=1 ,j=1
= D B0+ Bu"(@)Bif)? + S d2o,HO, foif
1,5=1 i=1 i,j=1

> Z A [(0:f)” +u"(2:)(B:f)*] + AP d2(Bif)2.

=1

One then argue as in the proof of Proposition 3.1 to conclude to the following result
of B. Helffer [He2].

Proposition 3.2. In the notation of Proposition 3.1, for every smooth functions
f,g onR",

6+ =Ry Corg(.9) < ( [ ID‘IVfIZdQ)m( / IDVgPdQ)W.
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Note that Proposition 3.2 includes the case f = g of Proposition 3.1 with optimal
constant. A similar result holds with AP,

Typical applications of Propositions 3.1 and 3.2 are the following. Assume for

example that
H(z) = (Az,z) + (B,z)

where A is an n x n matrix with zero diagonal and B € R". Then Hess(H) = A+ %4
so that h is the infimum of the eigenvalues of the symmetric matrix A + ‘A while
0:;:H = 0 for every i. Furthermore s = infger SG(p9) where, for every 6 € R,

1
dpe(z) = z—eeezdu(z).

In another diréction, assume that u is strictly convex at infinity, that is u = v+w,
for some ¢ > 0, u”(x) > ¢ uniformly in ¢ and ||w||,, < co. Provided that for some
"’ < c,

8;iH(z) > =" (3.3)
for every z € R" and ¢ = 1,...,n, then
5> (c—c")ye vl (34)

Indeed, by (3.2), along the i-th coordinate,
u(zi) + H(z) = v(z:) + H(z) + w(a:)

with v"(z;) + 0;iH(z) > ¢ —¢” > 0 and |lw]|,, < oo. The claim thus follows from
(1.13). In particular, if max;<i<na ||0iiH||, < " <e¢,

SG(Q)>s+h—h>(c—¢") e Hwlleo 1 o,

Some examples with non-convex phase have been constructed recently by I.
Gentil and C. Roberto [G-R] using perturbations via Hardy inequalities.

4. Marginal distributions

Due to example (1.11), we cannot hope for Proposition 3.1 to hold similarly
for logarithmic Sobolev inequalities. We thus have to turn back to the induction
method for product measures. In particular, we need to apply a logarithmic Sobolev
inequality at each step. To this task, we describe following [B-H1] the marginals of
our probability measure Q. It will be enough to consider one-dimensional marginals.

Let @ be as defined by (3.1). Denote by @; its marginals on the i-th coordinate,
i = 1,...,n. Qi is a probability measure on R with density e # with respect to
Lebesgue measure given by H;(z;) = u(z;) — K;(z;) where

1
Ki(z;) = log <Z—Z— /e_H(””) Hdu(zﬁ), z; € R.

i
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In order to show that @; satisfies a Poincaré or logarithmic Sobolev inequality, we
will use the convexity criteria on H; developed in Section 1. To this task, let us
describe the second derivative of H;. Denote by Q% the probability @ conditionally
on z;. It is easy to check that

K/ (z;) = Varge: (0;H) — /ai,-HdQ’”‘. (4.1)
By the definition of the spectral gap,
SG(Q*) Varge: (B H) < / VO, H|2dQ* (4.2)
where the gradient V is acting on the coordinates z1,...,%i—1,Zit1,...,Tn.

In order to make use of (4.2), we follow the observation of [B-H1] by imposing
convexity condition on the one-dimensional phase measure y. Assume namely that
u is strictly convex at infinity, that is, for some ¢ > 0, u = v + w with v" > ¢ > 0,
lw|l,, < oo. Assume furthermore that for some ¢/,c”, ¢’ + " < ¢,

/ VO H[2dQ™ < ¢'SG(Q%) and /BiinQ’”‘Z—c"

uniformly in z; € R. Then, provided that SG(Q%*) > 0, H; = (v — K;) + w where,
by (4.1) and (4.2),
(v—K)"(zi) > ec—c = ".

Hence, by (1.13), LS(Q;) > (¢ — ¢/ — ¢ e~ 4lIwle
We may summarize these conclusions in the following statement.

Proposition 4.1. Assume that u is convex at infinity, that is u = v + w,
v" > ¢ >0, ||w||, <oo.Iffor some ', ", ¢ + " <,

/|V8iH|2dQ“ < SG(Q%) and /BiinQl‘ > " (4.3)
uniformly in z; € R, 1 = 1,...,n, the one-dimensional marginal Q); of @ has density
e~ Hi with respect to Lebesgue measure on R where H; = v;+w, vl >ec—c'—c" >0,

[w|leo < 0. In particular, SG(Q;) > LS(Q:) > (c — ¢’ — ¢")e vl

In the setting of Proposition 4.1, we may apply furthermore Proposition 2.2 to
the marginals Q;. Assume thus that (4.3) of Proposition 4.1 holds. We write below
f = f(z:) to indicate that a smooth function f is actually a one-variable function
only depending on the i-th coordinate, i = 1,...,n. Let f = f(z;) and g be smooth
functions on R". To apply Proposition 2.2, observe first that

Corq(f,9) = Corq,(f,G)

where G(z;) = [¢dQ" (conditional expectation under @ of g given z;). We thus
deduce from Proposition 2.2 that for some constant C > 0 only depending on
c—c —c" >0 and ||w]e < oo,

, / , , 1/2 2 1/2
Corg(f2,9) < 2C |&']|. /f dQ / £2dq) . (4.4)
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In the following, we will show that ||G'|| ,, can be made small in several instances.
To that purpose, note that

G'(z:) = /&‘ngI" — Corge:(g,0:H) (4.5)

and G(z;) = g(z:) if g = g(zi). If g does not depend on z;, we will see below how
the L2 bounds of Proposition 3.2 on the correlations Corge: (g, 9; H) will ensure that
IG'|l., is small as a function of the distance between the supports of f and g.

5. Logarithmic Sobolev inequalities

In this section, we investigate the logarithmic Sobolev inequality with the pre-
ceding tools. Consider the probability measure @ of (3.1) defined by d@ = % e Haur,
We follow in a natural way the proof of Lemma 1.1 and perform a Markov tensoriza-
tion (the so-called martingale method [L-Y]).

Given a smooth function f on R", define, for k = 1,...,n, f; on R* as the
square root of the conditional expectation of f? given z1,. ..,z under the law Q.

Since f2 = f? and f2 = [f2dQ,
Bnigl”) = Y. | [R1oeftda — [ fistox 21dq).
k=1

Now, fg_, is also the conditional expectation of fZ given z1,...,Tx—1 so that it
may be represented as

f:_l(mly" -,Ik—l) = /flz(xly .. 7xk)szlw,zk_l(zk7- .. 7‘Tﬂ) (51)

where we recall that Q1»%¥-1 is the conditional distribution given z1,...,Zk-1.
Therefore,

Furthermore, since f? is a function of 1,...,zk, and since Q¥>**-1 is a measure
of the variables zk,...,Zn,

Enthl ----- Tk—1 (f,%) - EntQ:I'---v’k-—l (f:)

where Q;'""**~" is the first marginal of Q**»*»**~1 (marginal in the z coordinate).

Let u on R be strictly convex at infinity, u = v + w, v > ¢ > 0, ||lw|, <

co. Assume that each one-dimensional marginal Q}"""**~* satisfy a logarithmic
Sobolev inequality with constant p > 0 uniform in z3,...,24-1 and k = 1,...,n.

By Proposition 4.1, this is ensured in particular if, for some ¢/,c”, ¢’ +¢" <,

/ VoL H[2dQ™ ™ < ¢! SG(Q® ) and / O HAQ™ " > —"  (5.2)
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uniformly over z1,...,25—1 and k = 1,...,n, with p = (¢ — ¢/ — ¢")e*lIwlle In
(5.2), the gradient V is a priori acting on the coordinates zx41,...,2,. In this case
therefore,

pEntg(f?) <2)° / |0k 1 2dQ. (5.3)
k=1

In the next step, we evaluate the partial derivatives J fx. As a substitute to
(1.5), we now have, for every 1 <k < £ < n,

2feOkfo = Ok fi = /2f2+13kfe+1de1”"’“ — Corgeree (fr1, Ok H).  (5.4)
This formula displays the importance of correlation bounds to investigate logarith-
mic Sobolev inequalities.

Next, we control the correlation terms in (5.4) together with (4.4) above. Under
(5.2), we may apply (4.4) to each Q%" to see that, uniformly in z,...,z,,

(recall f7 = [fZ, ,dQ" ") where, by (4.5), for 1 <k << n,
Ck,l+1 = ”a(_’_lka”oo + | sup COI‘Q=1 »»»»» To41 (BkH, 8¢+1H)|. (56)

L1y Te41

Now, by (5.4) and (5.5),

1/2
| feOk fe] < /lfz+13kfe+1|dQ“"”’x‘ + C'-Ck,l+1fe(/|3e+1fe+1|2dQI””"I‘> .

Since again f7 = [f? ' 1dQ7 % we get from the Cauchy-Schwarz inequality that
1/2

1/2
[Ok fe| < (/I@kallde“"””') +C'Ck,£+1</ |3£+1fl+1l2de1’“"“)

By the triangle inequality in L? and the composition of conditional expectations, it
follows by iteration that, for every 1 < k < n,

n—1

1/2 1/2
100 fil < ( / |akf|2dcz“v--’”) +0Y Ceon ( / |3z+1fe+1l2dQ“""”") .
=k

Hence (since (a + b)% < 2a% + 2b% and f2 = f2),
> [1acnraq
k=1
n n n—1 1/2\ 2
<2y / 104 f%dQ + 2C* Z/ <Z Ck,e41 (/ lae+1fz+1|2de"“’“) ) dQ
k=1 k=1 =k

n n—1

n n—1
<2y / 0 f17dQ +2C% Y ") " Chji1 Y Crern / |0r+1 fer11dQ
k=1 =k

k=1 j=k
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where we used the Cauchy-Schwarz inequality. Now,

n n-—1
Z Z Ck,j+1 Z Chk e+1 ] |01 fe1]2dQ
k=1 j=k
n—1 2 n-—1
= Z (Z Z Ckvj+lck,l+l) /|3c+1fe+1|2dQ-
=1 “k=1j=k
Provided that A
maxz Z Ok ]+1Ck (+1 S 402 (5.7)
k=1 j=k

(where C' > 0 is the constant of (4.4)), it follows that

> / |0k fil?dQ <4 / |0 £12dQ.
k=1 k=1

Hence, under (5.7) and together with (5.3), the logarithmic Sobolev inequality for
Q holds, with a constant only depending on p.

Proposition 5.1. Assume that, for some c’,c", cd+cd" <e,
/lvakHFdQ“"“”" < cl SG(Qzl,...,zk) and /akkHszl,...,zk > —C”

uniformly over zi,...,zx and k = 1,...,n and that the coefficients Ck ¢41 of (5.6)
satisfy (5.7). Then, for every smooth function f on R",

£ Bnto(?) <2 [ IV11dQ
with p = (c — ¢’ — ¢")e*lI¥ll_ In other words, LS(Q) = Te—d =" e 4wl

It will be the purpose of the next section to describe models and conditions
under which the hypotheses of Proposition 5.1 may be seen to be easily satisfied.

6. Logarithmic Sobolev inequalities for spin systems

We illustrate in this section the preceding general conclusions in the context
of unbounded spin systems with nearest neighbors interaction. We develop here
the tools to check the conditions in Propos1t10ns 3.1 and 5 1 for these specific spin
systems. For a finite subset A in Z% d> 1, denote by p? the product measure of

u©on R*. Given the boundary COHdlthl’l w € R% , consider the probability measure
dQ = dQM* = A LeHdu® on RA with Hamlltonlan

H(z)=H@) = Y. Jp(ep2g)s 2= (2p),en €R™ (6.1)
{p,g}NA#0D,p~q
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In (6.1), the summation is taken on couple (p, q) = (g, p) of nearest neighbors p ~ ¢
in Z, and when p ¢ A, zp = wp. The functions Jpq, p,q € Z*, are symmetric
smooth functions on R?. The typical choices for Jpq are Jpq(z,y) = Jzy (cf. [Yol])
or Jyg(,y) = V(z — y) (cf. [He2], [B-HI]).

We assume that the single spin phase y has a density that is strictly convex at
infinity, that is du(z) = %e_“(‘)dx where u = v+ w, v > ¢ > 0 and w is bounded.
The typical assumption on the functions Jp, in the definition (6.1) will concern the
quantity

J = sup (1011 Jpqlloo + 1812Tpall)- (6.2)
Pyq

We will only be concerned with the perturbative regime where the coupling param-
eter J is small enough.

Since u is convex at infinity, U(z) = 37, ) u(zr) + H(z), £ = (z,),¢4, is convex
at infinity on R® as soon as J is small enough. In particular, Z = Je Hdur < o
for every A and boundary condition w. Furthermore, by Corollary 1.7, SG(Q**) >

LS(Q*»¥) > 0 with bounds however depending on (the size of) A and w. It is the
purpose of this section to show that these can actually be made uniform.

We now check on this model the various conditions required in order to apply
the conclusions of the preceding sections. The various details might look tedious, but

d
are straightforward. Fix A C Z? and w € R%" and write sometimes for simplicity Q
instead of @A, Conditional distributions of @ = Q** are of the same form Q4 '

for some A’ C A C Z% and w' € R,
We start with the spectral gap and the bounds & and h on Hess (H) and 0;;H
of Proposition 3.1 where H = HM% is defined by (6.1). For r,r’ € A,
8rrH = Zalljrp

prr

while when r # r/,

arr’H = 612Jrr’

if r ~ 7" and 8, H = 0 if not. In particular,

max |0 H||, < 2dJ. (6.3)
r€EA

Similarly, for a = (ar),¢p € RA,

(Hess (H)a, ) = Z O H a2 + Z Oppr H atporpr

rer!

> - 2 ” 6.4
> -0 Y ot = ik 10ul, 3 levllac] (64
> —2dJ|al?.

Hence, together with (3.3) and (3.4), s > (c — 2dJ) e~ *I*l= and

s+h—h>(c—2dJ)e vl _ 447
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As a consequence of Proposition 3.1, we may already state for this example the
following result of B. Helffer [He2]. It produces uniform spectral gaps in the pertur-
bative regime (J small).

Proposition 6.1. For every finite subset A C Z¢ and every boundary condition
d
weRE s
SG(QM) > (¢ — 2dJ)e vl — 447,

In particular, there exist Jo > 0 and X\ > 0 small enough, only dependmg ond>1,
¢ > 0 and ||wl||, < oo, such that for every finite subset A C 74, every boundary

condition w € R% , and every |J| < Jo,

G(@M) = A

In other words, the spectral gap inequality holds for the measures @™ uniformly
over finite subsets A C Z* and boundary conditions w € R% provided J is small
enough.

Now, we aim to use Proposition 3.2 to deduce some L? correlation inequalities
that will be of help later on. Again, fix A and w and write @ = QA “. Let p,q € A,
and denote by d(p,q) the graph distance between p and ¢ on z. Reca.ll we write
f = f(zp), p € A, to express that a smooth function f on R” is actually a one-
variable function only depending on the coordinate z,. Let then f = f(z,) and
g = g(z,). Choose the diagonal matrix D in Proposition 3.2 with (dr),c, given by
d, = e?® ") Other choices are clearly possible at this stage, and might be helpful to
carefully follow the various constants involved into the problem. (What is actually
needed right now is a function o of the distance such that sup,-q |%| < 00.)
We however only consider this one for more simplicity. Then,

[1ovirdq = [174q

while
/ |D~'Vg|?dQ = e 24P / ¢ dQ.

One has now to control A of Proposition 3.2 for this choice of D. But, for every
a=(ar).ep € RA, it is easily seen as in (6.4) that

Z d,d;,la,T,Harar, = ZBTTHQ + Z ed(Pr)g—d(p.r )6 o H oo

rr' €A reor!
> —max ||0saH o D 7 — e max [|0aHllog 3 lavlla]
T rer!
> —2deJ|al?.

Therefore, if J is small enough,

s+hP —h>(c—2dJ)e ¥l _24(1 +e)J > 0.
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As a consequence of Proposition 3.2, we may therefore state for this example the
following result of B. Helffer [He2] on correlations bounds.

Proposition 6.2. If

(c—2dJ)e vl _94(1+e)J > 6> 0,

for every finite subset A C Z¢, every boundary condition w € de, and every smooth
functions f and g on R, f = f(zp), g =g(zq), P,q € A,

1/2 1/2
Corga(f,g) < 67" e"“"’q)(/ f”dQA’“’) (/ 9""dQA’“) .

In particular,
Corgau (f,9) 871 e @D F]| g/l -

This result may be stated more generally as in [He2] and [B-H1] (see also ([B-
H2]) for functions with arbitrary disjoints supports. We will not use this extension
below.

Finally, we investigate the logarithmic Sobolev inequality for these spin systems
through Propositions 5.1. Fix @ = Q**. Recall that since the conditional distri-
butions of @ are given by some QA+, Propositions 6.1 and 6.2 apply to all the
conditional distributions of @ with the same uniform bounds. Let Jy > 0 be small
enough so that both Proposition 6.1, for some A > 0, and Proposition 6.2, for some
6 > 0, hold for every |J| < Jo. If r € A and if V is the gradient acting on RAM"}
then

IVO,H> = > |0, H|* < 2d.J.

r'~r

Recall also (6.3). Therefore, assuming that for some ¢/, ¢” with ¢/+¢” < ¢, J is small
enough so that

2dJ? <\ and 2dJ < ¢, (6.5)

the first hypothesis in Proposition 5.1 is clearly satisfied.

We turn to the control of the coefficients Cj ¢41 of (5.6). Given Q = Q2 it is
necessary to fix an enumeration i = 1,...,n of a finite subset A of Z? with cardinal
n. To distinguish between points of the lattice and elements in the enumeration,
we use the letters p,q,r,... for the first ones, and k,¥,... for the latter ones. By
Proposition 6.2 applied to Q=»%¢+1 for 1 < k < £ < n, and the definition of J,

ICOI‘QM ----- r4+1(akH,3g+1H)| SZ Z |Coerl,---,n+1(61Jk,,61Jg+lyr,)|
re~k v ~f41

< Z Z J261 e—d(r,r’)

re~k v~ f41
< (2deJ)29_1 e~ d(E+1k)
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Therefore, for 1 < k < £ < n, together with NOe41,kHl|| oo S JHf £+ 1 ~ k and 0
otherwise,

Crye+1 < (eJ + (2deJ)29'1)e—d(l+l,k).
It is then a simple matter to check that condition (5 ) will be fulfilled for every J

small enough. Setting, for fixed & (in A), I, = {r € Z%;d(k,r) = m},
n—1 )
Ze—d(]+l,k) — Z Z 1{]+1€Im} < Z '"Card )
j=k m=0
Therefore, for every k,
n—1 [}
Ze_d(Hl’k) < Z 2d(m + 1) te™™ < oo.
=k m=0

Similarly, for every ¢,

£ =S
Ze_‘i([“’k) < Z 2d(m +1)47'e™™ < oo.

k=1 m=0
One deduces that

£ n-—-1

m?x kz:l Zk Cr,j+1Ck 41 S M = M(J) (6.6)
+—3 ]:

where M(J) only depends on d, A and J. Furthermore, M(J) — 0 as J — 0.

To conclude, recall first Jo > 0 and A,8 > 0 have been chosen small enough so
that Propositions 6.1 and 6.2 hold uniformly in A, w and |J| < Jo. For ¢’ +¢" <,
choose further Jo small enough such that (6.5) holds and such that in (6.6) M(J) <
402 for every |J| < Jo. Hence (5.7) is satisfied and Proposition 5.1 applies. We may
thus conclude in this way to the main result of the works [Zel], [Yol], [He2], [B-H1],
in the form presented in [B-H1], in the perturbative regime.

Theorem 6.3. Let u be convex at infinity, v = v + w with v" > ¢ > 0,
|lwl|l, < co. There exist Jo > 0 and p > 0 small enough, only depending on d > 1,
¢ > 0 and ||w||, < oo, such that for every finite subset A C Z%, every boundary

condition w € RZd, and every |J| < Jo,
LS(Q*) > p

In other words, the logarithmic Sobolev inequality holds for the measures QA

uniformly over finite subsets A C 7% and boundary conditions w € RZ prov1ded J
is small enough.

We conclude by a brief discussion of possible extensions and generalizations.
The preceding proof may be adapted to the compact (continuous) spin systems for
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which it provides a more simple analysis. We may consider different measures on
each fibers, with uniform spectral gap and logarithmic Sobolev constants. Nearest
neighbor interactions may also clearly by extended to finite range interactions. The
proof presented above possibly allows infinite range of exponentially decreasing in-
teractions. In another direction, appropriate polynomial decay of the correlations
in Proposition 6.2 is actually sufficient to conclude (under the assumption that the
one-dimensional marginals @** satisfy uniformly a logarithmic Sobolev inequality).

In the particular case of the dimension d = 1, it has been proved by B. Zegar-
linski [Zel] that if the phase is super-convex (u” — 00), and satisfies some techni-
cal assumption, then the spectral gap and the logarithmic Sobolev inequality hold
uniformly whatever the value of J. In the non-perturbative regime (J arbitrary),
N. Yoshida [Yo3] (see also [B-H2]), extending [S-Z3] in the compact case, showed
the formal equivalence between spectral gap, decay of correlations and logarithmic
Sobolev inequalities.

The scheme of proof of Theorem 6.3, together with the L*-bounds on the cor-
relations (2.5), may be used exactly in the same way to prove by induction the
isoperimetric inequality, in its functional form,

I([£dQM) < / VI + CIV I dQh (6.7)

of [Bol] and [Ba-L] for Q*. This inequality strengthens the logarithmic Sobolev
inequality. In (6.7), I is the Gaussian isoperimetric function defined as I = ¢ 0o &
where ® is the distribution function of the standard Gaussian distribution on R
and ¢ its density, and f is a smooth function with values in [0,1]. Indeed, (6.7)
is stable by products as Poincaré and logarithmic Sobolev inequalities (cf. [Bol],
[Ba-L]), and the Markov tensorization of Section 5 together with the L! correlation
bounds apply similarly to yield the desired claim. However, since nearest neighbor
interactions produce a uniform lower bound (6.4) on Hess (H ), one may also use at a
cheaper price Theorem 4.1 of [Ba-L] to deduce directly the isoperimetric inequality
from the logarithmic Sobolev inequality of Theorem 6.3. Inequality (6.7) for discrete
spin systems is considered in [Ze2], [Fo].

Acknowledgement. I am grateful to Th. Bodineau, B. Helffer and N. Yoshida
for helpful comments and to I. Gentil and C. Roberto for a careful reading of the
manuscript.

REFERENCES

[Ai] S. AIDA. Uniform positivity improving property, Sobolev inequalities and spectral gaps.
J. Funct. Anal. 158, 152-185 (1998).

[A-M-S] S. AIpA, T. MAsUDA, I. SHIGEKAWA. Logarithmic Sobolev inequalities and exponential
integrability. J. Funct. Anal. 126, 83-101 (1994).

[An] C. ANE ET AL. Sur les inégalités de Sobolev logarithmiques (2000). Panoramas et Syn-
theses, S.M.F., to appear.



(Bal]
[Ba2]
(Ba-E]
[Ba-L]
[Bo1]
[Bo2]
[B-G]
(B-H1)]

[B-H2]

(B-L]

[Fo]
[G-H-L]
[G-R]

(Gr]
(G-2]
[Hel]

[He2]

[He3]
[He-S]

(H-S]
[Lel]
[Le2]

(L-Y]

193

D. BaKRY. L’hypercontractivité et son utilisation en théorie des semigroupes. Ecole d’Eté
de Probabilités de St-Flour. Lecture Notes in Math. 1581, 1-114 (1994). Springer-Verlag.

D. BAKRY. On Sobolev and logarithmic Sobolev inequalities for Markov semigroups. New
trends in Stochastic Analysis. 43-75 (1997). World Scientific.

D. BakKRY, M. EMERY. Diffusions hypercontractives. Séminaire de Probabilités XIX. Lec-
ture Notes in Math. 1123, 177-206 (1985). Springer-Verlag.

D. BAkRY, M. LEDOUX. Lévy-Gromov’s isoperimetric inequality for an infinite dimen-
sional diffusion generator. Invent. math. 123, 259-281 (1996).

S. BOBKOV. An isoperimetric inequality on the discrete cube and an elementary proof of
the isoperimetric inequality in Gauss space. Ann. Probability 25, 206-214 (1997).

S. BoBKkoV. Isoperimetric and analytic inequalities for log-concave probability measures.
Ann. Probability 27, 1903-1921 (1999).

S. BoBkov, F. GOTzE. Exponential integrability and transportation cost related to log-
arithmic Sobolev inequalities (1998). J. Funct. Anal. 163, 1-28 (1999).

TH. BoDINEAU, B. HELFFER. On Log-Sobolev inequalities for unbounded spin systems.
J.-Funct. Anal. 166, 168-178 (1999).

TH. BopiNEAU, B. HELFFER. Correlations, spectral gaps and Log-Sobolev inequalities for
unbounded spins systems. Differential Equations and Mathematical Physics. Birmingham
1999, 27-42. International Press (1999).

H. J. Brascamp, E. H. LIEB. On extensions of the Brunn-Minkovski and Prékopa-
Leindler theorems, including inequalities for log-concave functions, and with an application
to the diffusion equation. J. Funct. Anal. 22, 366-389 (1976).

P. FOUGERES. Hypercontractivité et isopérimétrie gaussienne. Applications aux systémes
de spins (1999). Ann. Inst. H. Poincaré, to appear.

S. GaLLoT, D. HuLIN, J. LAFONTAINE. Riemannian Geometry. Second Edition. Springer
(1990).

I. GENTIL, C. ROBERTO. Spectral gaps for spin system: some non-convex phase examples
(2000). J. Funct. Anal., to appear.

L. GRross. Logarithmic Sobolev inequalities. Amer. J. Math. 97, 1061-1083 (1975).
A. GUIONNET, B. ZEGARLINSKI. Lectures on logarithmic Sobolev inequalities (2000).

B. HELFFER. Remarks on decay of correlations and Witten Laplacians - Brascamp-Lieb
inequalities and semi-classical analysis. J. Funct. Anal. (1999).

B. HELFFER. Remarks on decay of correlations and Witten Laplacians III- Application to
logarithmic Sobolev inequalites. Ann. Inst. H. Poincaré 35, 483-508 (1999).

B. HELFFER. Semiclassical analysis and statistical mechanics. Notes (1999).

B. HELFFER, J. SJIOSTRAND. On the correlation for the Kac like models in the convex
case. J. Statist. Phys. 74, 349-369 (1994).

R. HoLLEY, D. STROOCK. Logarithmic Sobolev inequalities and stochastic Ising models.
J. Statist. Phys. 46, 1159-1194 (1987).

M. LEDoUX. Concentration of measure and logarithmic Sobolev inequalities. Séminaire de
Probabilités XXXIII. Lecture Notes in Math. 1709, 120-216 (1999). Springer.

M. LEDoUX. The geometry of Markov diffusion generators (1998). Ann. Fac. Sci. Toulouse,
to appear.

S. L. Lu, H. T. YAu. Spectral gap and logarithmic Sobolev inequalities for Kawasaki and
Glauber dynamics. Comm. Math. Phys. 156, 399-433 (1993).



[M-01]
[M-02]
[Ro]
[s-21]
[s-Z2]
[s-23]
[S-24]
[Wa]
[Yo1]
[Yo2]
[Yo3]
(Ze1]

[Ze2]

194

F. MARTINELLI, E. OLIVIERI. Approach to equilibrium of Glauber dynamics in the one
phase region I. The attractive case. Comm. Math. Phys. 161, 447-486 (1994).

F. MARTINELLI, E. OLIVIERI. Approach to equilibrium of Glauber dynamics in the one
phase region II. The general case. Comm. Math. Phys. 161, 487-514 (1994).

G. ROYER. Une initiation aux inégalités de Sobolev logarithmiques. Cours Spécialisés.
Soc. Math. de France (1999).

D. STroock, B. ZEGARLINSKI. The logarithmic Sobolev inequality for continuous spin
systems on a lattice. J. Funct. Anal. 104, 299-326 (1992).

D. STrooCk, B. ZEGARLINSKI. The logarithmic Sobolev inequality for discrete spin sys-
tems on a lattice. Comm. Math. Phys. 149, 175-193 (1992).

D. STROOCK, B. ZEGARLINSKI. The equivalence of the logarithmic Sobolev inequality and
the Dobrushin-Shlosman mixing condition. Comm. Math. Phys. 144, 303-323 (1992).

D. STROOCK, B. ZEGARLINSKI. On the ergodic properties of Glauber dynamics. J. Stat.
Phys. 81, 1007-1019 (1995).

F.-Y. WaNG. Logarithmic Sobolev inequalities on noncompact Riemannian manifolds.
Probab. Theor. Relat. Fields 109, 417-424 (1997).

N. YosHIDA. The log-Sobolev inequality for weakly coupled lattice fields. Probab. Theor.
Relat. Field 115, 1-40 (1999).

N. YosHIDA. Application of log-Sobolev inequality to the stochastic dynamics of un-
bounded spin systems on the lattice. J. Funct. Anal. 173, 74-102 (2000).

N. YosHIDA. The equivalence of the log-Sobolev inequality and a mixing condition for
unbounded spin systems on the lattice (1999). Ann. Inst. H. Poincaré, to appear.

B. ZEGARLINSKI. The strong decay to equilibrium for the stochastic dynamics of un-
bounded spin systems on a lattice. Comm. Math. Phys. 175, 401-432 (1996).

B. ZEGARLINSKI. Isoperimetry for Gibbs measures (1999).

DEPARTEMENT DE MATHEMATIQUES, LABORATOIRE DE STATISTIQUE ET PROBABILITES AS-

socIE AU C.N.R.S., UNIVERSITE PAUL-SABATIER, 31062 ToULOUSE, FRANCE

E-mail address: ledoux@cict.fr
Web page: http://www-sv.cict.fr/1sp/Ledoux/



