Math Phys Anal Geom (2008) 11:117-129
DOI 10.1007/511040-008-9043-x

A Wegner-type Estimate for Correlated Potentials

Victor Chulaevsky

Received: 19 February 2008 / Accepted: 5 May 2008 /
Published online: 5 July 2008
© Springer Science + Business Media B.V. 2008

Abstract We propose a fairly simple and natural extension of Stollmann’s
lemma to correlated random variables. This extension allows to obtain
Wegner-type estimates even in various problems of spectral analysis of random
operators where the original Wegner’s lemma is inapplicable, e.g., for cor-
related random potentials with singular marginal distributions and for multi-
particle Hamiltonians.
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1 Introduction

The regularity problem for the limiting distribution of eigenvalues of infinite
dimensional self-adjoint operators appears in many problems of mathematical
physics. Specifically, consider a lattice Schrodinger operator (LSO, for short)
H: ¢*(Z4) — £*(Z%) given by

(Hy)@ = Y )+ VOye); xyeZs

yily—x|=1
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118 V. Chulaevsky

For each finite subset A C Z4, let Ej‘ j=1,...,|A|, be eigenvalues of H with

Dirichlet b.c. in A. Consider the family of finite sets A; = [—L, L] N Z¢ and
define the following quantity (which does not necessarily exist for an arbitrary
LSO):

k(E) = lim _r
L—oo (2L + l)d
If the above limit exists, k( E) is called the limiting distribution function (LDF)
of e.v. of H. It is not difficult to construct various examples of a function V:
7% — R (called the potential of the operator H) for which the LDF does not
exist. One can prove the existence of LDF for periodic potentials V, but even
in this, relatively simple situation the existence of k(E) is not a trivial fact.

However, the existence of k(E) can be proved for a large class of
ergodic random potentials. Namely, consider an ergodic dynamical system
(Q, F,P,{T*, x € Z%}) with discrete time Z¢ and a measurable function (some-
times called a hull) v: @ — R. Then we can introduce a family of sample
potentials

card{j: E?L < E}

V(x, w) = v(T*w), x € Z°,

labeled by w € Q. Under the assumption of ergodicity of {7*} (and, for
example, boundedness of function v), the quantity

1
k(E,®) = lim ———
L—oo (2L + 1)d
is well-defined P-a.s. Moreover, k(E, o) is P-a.s. independent of w, so its value
for a.e. w is natural to take as k(E). In such a context, k(E) is usually called the
integrated density of states (IDS, for short). It admits an equivalent definition:

k(E) = E[ (f, N(—co.51(H()) f)],

where f € 2279 is any vector of unit norm, and IT(_, g(H (w)) is the spectral
projection of H(w) on (—oo, E]. The reader can find a detailed discussion
of the existence problem of IDS in excellent monographs by Carmona and
Lacroix [5] and by Pastur and Figotin [16]. See also articles [3, 4, 6, 10, 15].

It is not difficult to see that k(E) can be considered as the distribution func-
tion of a normalized measure, i.e. probability measure, on R. If this measure
dk(E), called the measure of states, is absolutely continuous with respect to the
Lebesgue measure dE, its density (or Radon-Nikodim derivative) dk(E)/dE
is called the density of states (DoS). In physical literature, it is customary to
neglect the problem of existence of such density, for if dk(E)/dE is not a
function, then “it is simply a generalized function”. However, the real problem
is not terminological. The actual, explicit estimates of the probabilities of the
form

card{j: E;‘L(w) < E}

P { Jeigenvalue E;\L e(a,a+¢) }

for an LSO H,, in a finite cube A, of size L, for small ¢, often depend essen-
tially upon the existence and the regularity properties of the DoS dk(E)/dE.
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A Wegner-type estimate for correlated potentials 119

Apparently, the first fairly general result relative to the existence and
boundedness of the DoS is due to Wegner [21].

Lemma 1.1 (Wegner) Assume that {V(x,w),x € Z} are iid. r.v. with a
bounded density py(u) of their common probability distribution: || py | = C <
0o. Then the DoS dk(E)/dE exists and is bounded by the same constant C.

The proof can be found, for example, in the monographs [5] and [16].

This estimate and some of its generalizations have been used in the multi-
scale analysis (MSA) developed in the works by Frohlich and Spencer [13],
Frohlich et al. [12], von Dreifus and Klein [19, 20], and in a number of
more recent works where the so-called Anderson Localization phenomenon
has been observed. Namely, it has been proven that all eigenfunctions of
random LSOs decay exponentially at infinity with probability one (for P-
a.e. sample of random potential V(w)). Von Dreifus and Klein [20] proved
an analog of Wegner estimate and used it in their proof of localization for
Gaussian and some other correlated (but non-deterministic) potentials. The
author of this paper recently proved, in a joint work with Suhov [§8], an
analog of Wegner estimate for a system of two or more interacting quantum
particles on the lattice under the assumption of analyticity of the probability
density py(u), using a rigorous path integral formula by Molchanov (see a
detailed discussion of this formula in the monograph [5]). In order to relax
the analyticity assumption in a multi-particle context, Chulaevsky and Suhov
[9] used later a more general and flexible result: a lemma proved by Stollmann
(cf. [17] and [18]) which we discuss below.

In the present work, we propose a fairly simple and natural extension of
Stollmann’s lemma to correlated, but still non-deterministic random fields
generating random potentials. Our main motivation here is to lay out a way
to interesting applications to localization problems for multi-particle systems.

2 Stollmann’s Lemma for Product Measures

Recall the Stollmann’s lemma and its proof for independent random variables.
Letm > 1 be a positive integer, and J an abstract finite set with |J|(= cardJ) =
m. Consider the Euclidean space R/ = R” with the standard basis (ej, . . ., ),
and its positive orthant

Ri:{qeRJ: q; =0, j= 1,2,...,m}.
Definition 2.1 Let J be a finite set with |J| = m. Consider a function ®: R’ —

R. It is called diagonally monotone (DM, for short) if it satisfies the following
conditions:

(1) foranyre R/ andanyq € R/,
(g +r) > (g (1)
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(2) moreover, fore =e; + --- +e, € R/, for any g € R/ and for any ¢ > 0

Q(g+t-e)—P(g) >t (2)

It is convenient to introduce the notion of DM operators considered as
quadratic forms. In the following definition, we use the same notations as
above.

Definition 2.2 Let H be a Hilbert space. A family of self-adjoint operators
B(q): H — H,q € R/, is called DM if,

VgeR' YreR] B(g+r) > B(q).

in the sense of quadratic forms, and for any vector f € H with || f|| = 1, the
function @ ;: R/ — R defined by

®s(q)=(B@f
is DM.

In other words, the quadratic form Qg (f):= (B(q) f, f) as a function of
g € R’ is non-decreasing inany ¢, j=1, ..., |J|, and

(B(@g+t-ef )= (B@f. H=t-IfI*

Remark 2.3 By virtue of the min-max principle for self-adjoint operators, if an
operator family H(q) in a finite-dimensional Hilbert space H is DM, then each

eigenvalue E,f(q) of B(q) is a DM function.

Remark 2.4 1f H(q), q € R’,isa DM operator family in a Hilbert space H, and
Hy : ' H — 'H is an arbitrary self-adjoint operator, then the family Hy + H(q) is
also DM.

This explains why the notion of diagonal monotonicity is relevant to the
spectral theory of random operators. Note also, that this property applies to
physically interesting examples where dim H = +o00, but H(g) have, e.g., a
compact resolvent, as in the case of Schrodinger operators in a finite cube with
Dirichlet b.c. and with a bounded potential, so the respective spectrum is pure
point, and even discrete.

For any measure u on R, we will denote by u’ the product measure pu x
--- x pn on R’. Furthermore, for any probability measure p and for any € > 0,
define the following quantity:

s(u, €) = suﬂ}g wu(la, a+¢€))

We will denote by ,u;.”_l the marginal probability distribution induced by 1’ on
q;/:] = (qlv --~ij—vaj+l, ---7Qm)-

Lemma 2.5 (Stollmann [17]) Let J be a finite index set, |J| =m, n be a
probability measure on R, and j1” be the product measure on R’ with marginal
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A Wegner-type estimate for correlated potentials 121

measures . If the function ®: R’ — R is DM, then for any open interval I C R
we have

wlq ®(@q) el <m-su, ).

We provide below a proof of Stollmann’s lemma; this will allow to extend it
to the case of correlated potentials.
Proof Let I = (a,b),b —a = ¢ > 0, and consider the set
A={q ®(@) <a}

Furthermore, define recursively sets AS, j=0, ..., m, by setting

A=A, A5= A5 +10.eleji= {q+ie; ge AL, rel0.€l].

Obviously, the sequence of sets A¢, j=1,2, ..., is increasing with j. The DM
property implies

{g: ®(q) <b}C Aj,.
Indeed, if ®(g) < b, then for the vector r := g — € - e we have by (2):
Pr) < Pr+e-e)—e=P(g)—e<b—€<a,
meaning thatr € { ® < a} = A and, therefore,
g=r+e-ec A,
Now, we conclude that
{q: @@ el}={q () €(a,b)}

= (g ®@ <b}\(q ®(@) <a}C A5\ A.

Furthermore,
wq: ®(q) e I} < (A5 \ A)

=wr (U (asva5) | < wm (a5 a5).

=1 =1
Forql,, = (q2,---,qm) € R™ ! set

LgL) ={q1 €R: (q1.q,) € AT\ A}.

By definition of the set Af, this is an interval of length not bigger than €. Since
w’ is a product measure, we have

W"(AS\ A) = /du’”’l(q;él) /1 du(qy) <s(u, €. (3)

Similarly, we obtain for j=2,...,m

" (AG\ A < s, €),
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yielding

m

Wa @@ e I} <Y u"(AS\ A <m -, o). o
j=1

Now, taking into account the above Remark 2.4, Lemma 2.5 yields immedi-
ately the following estimate.

Lemma 2.6 Let Hy, be an LSO with a random potential V (x; w) in a finite
box A C Z% with Dirichlet b.c., and X (H)) its spectrum, i.e. the collection of
its eigenvalues E;A), j=1,...,|A|. Assume that r.v. V(x;-) are i.i.d. with the
marginal distribution py. Then

P{dist(Z(Hp (), E) < €} < |APs(ny, 26).

This is an analogue of Wegner bound. One visible distinction is the form
of its volume dependence: the factor |A|? instead of |A| in the conventional
Wegner bound. One has to keep in mind, however, that

e Stollmann’s lemma on monotone functions is sharp (cf. [17]); eigenvalues,
however, are particular monotone functions, which explains why conven-
tional Wegner bound has the factor of |A|';

e while Wegner’s method requires the ensemble of random variables gener-
ating (or controlling) potential in a volume of cardinality |A| to have |A|
degrees of freedom, correlated or not, the above approach works fine even
for ensembles with one degree of freedom (the parameter m above may
equal 1);

e in applications to the MSA, any upper bound of the form Const |A|Ne, or
even ¢™ ¢, with g € (0, 1) would be sufficient to make the MSA inductive
scheme work;

e although the above version of Wegner bound does not allow to establish
the existence of DoS even in models where the latter does exist (as can
be shown with Wegner bound), the existence of the (limiting) DoS is not
quite helpful per se for the finite-volume MSA, where upper bounds for
the probability of high concentration of eigenvalues are vital,

e in applications to multi-particle localization problems with a short-range
(or decaying) interaction between quantum particles, the existence of DoS
for external potentials with regular marginal distributions can be proved by
different methods. For example, Klopp and Zenk (2003, preprint) proved
that the IDS for a multi-particle quantum system in R? with a decaying
particle interaction is the same as for the model without interaction. This
result, quite natural from a physical point of view, was proved with the
help of Helffer-Sjostrand formula for almost analytic extensions. A similar
result can be proved in a simpler way for lattice systems.
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A Wegner-type estimate for correlated potentials 123

3 Extension to Multi-particle Systems

Results of this section have been obtained by the author and Suhov [9].

Let N > 1 and d > 1 be two positive integers and consider a random LSO
H = H(w) which can be used, in the framework of tight-binding approxima-
tion, as the Hamiltonian of a system of N quantum particles in Z¢ with a
random external potential V' and an interaction potential U. Specifically, let
X1,...,xy € Z4 be the positions of quantum particles in the lattice Z¢, and
x=(x1,...,xn). Let {V(x; w), x € Z% be a random field on Z¢ describing
the external potential acting on all particles, and U: (xy, ..., xy) — R be the
interaction energy of the particles. In physics, U is usually to be a symmetric
function of its N arguments x;,...,xy € 74. We will assume in this section
that the system in question obeys either Fermi or Bose quantum statistics, so
it is convenient to assume U to be symmetric. Note, however, that the results
of this section can be extended, with natural modifications, to more general
interactions U. Further, U is assumed to be a finite-range interaction:

supp U C {x: max(|x; — x| < ro)}, ro < o0.

Such an assumption is required in the proof of Anderson localization for multi-
particle systems. However, it is irrelevant to the Wegner-type estimate we are
going to discuss below.

Now, let H be as follows:

N

(H) @) =) (AV + V(xjw) + U,

=1
where AU is the lattice Laplacian acting on the j-th particle, i.e.
AV=1®..9 A®...0 1
1 i N
acting in the Hilbert space ¢2(ZN%). For any finite “box”
A=AV x...x AN czN

one can consider the restriction, H (w), of H(w) on A with Dirichlet b.c. It is
easy to see that the potential

N
W =) Vixjo) +UQ
j=1

is no longer an i.i.d. random field on ZN%, even if V is i.i.d. Therefore, neither
version of the Wegner bound applies directly. But, in fact, Stollmann’s lemma
does apply to multi-particle systems, virtually in the same way as to single-
particle ones.

Lemma 3.1 Assume that r.v. V(x;-) are i.i.d. with marginal distribution py.
Then

P{dist(Z(Ha(w), E) < €} < |A]- M(A) - s(uy, 2€),
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with

N
M(A) =) card AV,

A reader familiar with the MSA method may notice that, in fact, the latter
requires two different kinds of Wegner-type bounds: for individual finite vol-
umes A and for couples of disjoint (or, more generally, distant) finite volumes
A, A’. In the conventional, single-particle MSA the two-volume bound can
be deduced (under certain conditions) from its single-volume counterpart.
This is far from obvious for multi-particle (even two-particle) systems with
an interaction. A detailed discussion of the multi-particle MSA scheme is
beyond the scope of this short note (for details, see [9]). Recently, Kirsch [14]
proved an analog of Wegner bound for single volumes (but not for couples of
volumes) under a more restrictive assumption of existence and boundedness of
the marginal probability distribution of the potential of a multi-particle lattice
Anderson model with interaction.

4 Extension to Correlated Random Variables

Fix a positive integer m > 1 and consider the Euclidean space R™ with
coordinates ¢ = (qy, ..., qm). For a given point g € R™, set q zi=qu ...,
qj-1-qj+1,---,qm). Let u™ be a probability measure on R” with marginal dis-
tributions M'/-"’l(q;é ) of order m — 1, and conditional distributions u}-(q il q;é P,
of order 1; here j=1,...,m. In the case where the measure /L}(q,- | q’#j) is
absolutely continuous, we denote by p(g ]-|q;E ;) its density with respect to the

Lebesgue measure dg;. The measure u (unlike the measure w’ in Section 2)
is no longer assumed to be a product measure (we emphasize this fact by
changing notation). For every € > 0, define the following quantities, measuring
in different ways continuity properties of u":

Ci(u™, €)= max sup /du’" ‘(q#)/ di(qlq ) 4)
ae
a-+te
Co(u™, €) = max ess  sup sup/ di(qlq) (5)
] q’#je]R’”*' acR Ja
and
Ci(u™) =ess  sup  p(q;lql)- (6)

q,;€R"1, qjeR

Since u™ is a finite (even probability) measure, the quantities C;(u™, €) and
C,(u'™, €) are always finite, and bounded by 1, while C3(u™, €) may be infinite
(in which case, naturally, it is useless). If the density p(g ,-|q’7é j) exists, we have

di(qjlqlp) = p(qjlq,)dq;
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A Wegner-type estimate for correlated potentials 125

and if C3(u'™, €) < 0o, we can write

a+e
Cz(u’",e)=m§ﬂx ess sup  sup / p(qlq..)dq;
a

q;]ER’"’I acR

a+e

< max ess sup sup / Ci(u"™) dgj < C3(u'™)e.
1 q€Rm! aeR Ja

Also, it is easy to see that

a-+te
€1, € = max sup / () / di(g;ld.)
ae a

< [ G adnm ) = e

since u™~! is a probability measure. Therefore,

Ci(u™, e) < Cr(u™, ) < CG3(u™", €)e. (7)

Remark 4.1 In applications to localization problems, the aforementioned con-
tinuity moduli C,(u", €), Co('™, €) need to decay not too slowly as € — 0.
A power decay of order O(e) with g > 0 is certainly sufficient, but it can be
essentially relaxed. For example, it suffices to have an upper bound of the form

C, (,u’", e‘Lﬁ> < Const - LB,

uniformly for all sufficiently large L > 0 with some (arbitrarily small) 8 > 0
and with B > 0 which should sufficiently big, depending on the specific spectral
problem.

Using notations of the previous section, one can formulate the following
generalization of Stollmann’s lemma.

Lemma 4.1 Let J be afinite set with |J| = m, so that we can identify R’ with R™.
Let ®: R’ — R be a DM function and " a probability measure on R™ ~ R’
with C;(u™, €) < co. Then for any interval I C R of length |I| = € > 0, we have

w'q ®(q) e I} <m-Ci(u,e).
Proof We proceed as in the proof of Stollmann’s lemma and introduce in R”
the sets A = {q: ®(¢q) < a}and Aj, j=0,..., m. Here, again, we have
{q: (@ el}=C A, \A
and
wg D@y e 1)< Y (A5\ AL
=1
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For g/, € R™~, we set

Li(q.) ={q1 €R: (q1.q.) € AJ\ A}

Furthermore, we come to the following upper bound which generalizes (3):
uw"(AS\ A) = /du’”"(q/) /1 du(qilg) < Ci(u, €). (8)
Similarly, we obtain for j=2,...,m
(A5 AL) < Qs o),

yielding

WG D@y € 1)< Y (AS\AS ) <m-Ciuse). D
j=1

5 Application to Gibbs Fields with Continuous Spin

There exists a large variety of correlated random lattice fields for which the
hypothesis of Lemma 4.2 can be easily verified. For example, conditional
distributions of Gibbs fields are given explicitly in terms of their respective
interaction potentials.

Gaussian fields can also be considered as a particular class of Gibbsian fields.
The reader can find in the article by von Dreifus and Klein [20] a detailed
discussion of such models and a proof of Wegner estimate for homogeneous
non-deterministic Gaussian potentials. It suffices to notice, actually, that for
such potentials the conditional density of a single-site value V(x; -) given all
other values {V(y; ), y # xo} exists and is bounded. Therefore, Lemma 4.2
applies, but so does the traditional Wegner’s method.

Anderson localization for Gibbsian potentials on the lattice was proved
by von Dreifus and Klein [20] under a rather strong assumption of complete
analyticity in the sense of Dobrushin and Shlosman (see, e.g., [11]) of the
Gibbsian field V(x; w), with continuous spins, generating the potential of the
respective LSO. We show in this section how Lemma 4.2 allows to relax
the complete analyticity hypothesis to a quite general, single-site condition
on the Hamiltonian generating the respective Gibbs state for a model of
the classical statistical mechanics with continuous spins. Indeed, original
Dobrushin—-Shlosman techniques are adapted to models with a finite number of
spin values. Bourgain and Kenig [2] considered continuous Anderson models
where amplitudes determining the random potential take two values. Recently,
Aizenman et al. [1] extended this result to a quite general case, including
random variables taking with positive probability any finite number n > 1 of
values. Unfortunately, no analog of such techniques is known so far for the
lattice models.
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A Wegner-type estimate for correlated potentials 127

It is worth mentioning that the condition described below can hold in
some models where the marginal density does not exist, in which case more
traditional methods do not apply.

Consider a lattice Gibbs field S, (w) with bounded continuous spins,

SQx7Z'—>S=[ab]CR

generated by a short-range, bounded, two-body interaction potential u,(:, ).
The spin space is assumed to be equipped with a measure dS which may,
in principle, be singular with respect to Lebesgue measure on [a,b] (more
general spin spaces S and measures d.S can also be considered). In other words,
consider the formal Hamiltonian

HS) =Y hSo+ > > ey (S Sy,
xez4 xeZ® |y—x|<R
where h: S — R is the self-energy of a given spin. Assume that the interaction

potentials u,_y(Sx, S,) vanish for [x — y| > R and are uniformly bounded:

max sup |u(S, S)| < 0.
ISR 5,5¢5

Then for any lattice point x and any configuration §" = S, of spins outside {x},
the single-site conditional distribution of S, given the external configuration §’
admits a bounded density with respect to measure dS, namely,

e BUGSIS ) e PUSIS)

Se| S = = —
p( | X) E(ﬂ, S/) fS e—f}U(S IS)dS//

with
USedS) = Y e y(Se. S)
yily—xI<R
satisfying the upper bound

|U(S:IS) < QR+ DY sup |u(S, S")| < oo.
S,8eS

A similar property is valid for sufficiently rapidly decaying long-range interac-
tion potentials, for example, under the condition
Const
sup |up (S, )| < ————, § > 0. 9
syes | y|dries ®)
as well as for more general, but still uniformly summable many-body interac-
tions. Below we give one simple example of application of Wegner—Stollmann-
type bound to such random potentials.

Lemma 5.1 Let A C 7% be a finite subset of the lattice, A’ C 7Z¢ \ A any subset
disjoint with A (A’ may be empty), and let S,(w) be a Gibbs field in A with
continuous spins S € S = [a, b] generated by a two-body interaction potential
w (S, S") satisfying condition (9), with any b.c. on 7Z¢\ A. Consider a LSO
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H, with the random potential V (x, w) = Sy(w). Then for any interval I C R
of length € > 0, we have

P{S(H)NT#B|V(y,),ye A} <CV)[APe, C(V) < oc.

In the case of unbounded spins and/or interaction potentials, the uniform
boundedness of conditional single-spin distributions does not necessarily hold,
since the energy of interaction of a given spin Sy with the external configuration
S’ may be arbitrarily large (depending on a particular form of interaction) and
even infinite, if S’y — oo too fast. In such situations, our general condition
(4) might still apply, provided that rapidly growing configurations S’ have
sufficiently small probability, so that the outer integral in the r.h.s. of (4)
converges.

6 Conclusion

Wegner-type bounds of the IDS in finite volumes are a key ingredient of
the MSA of spectra of random Schrodinger (and some other) operators. The
proposed simple extension of Stollmann’s lemma shows that a very general
assumption on correlated random fields generating the potential rules out an
abnormal accumulation of eigenvalues in finite volumes. This extension applies
also to multi-particle systems with interaction.

Acknowledgements 1 would like to thank Senya Shlosman for numerous and very fruitful
discussions of Dobrushin—Shlosman techniques. I also thank Lana Jitomirskaya and Abel Klein
and the University of California at Irvine for their warm hospitality during my stay at UCI and
stimulating discussions. I thank Anne Boutet de Monvel and Peter Stollmann for many fruitful
discussions of Wegner-type estimates.

References

1. Aizenman, A., Germinet, F., Klein, A., Warzel, S.: On Bernoulli decompositions for random
variables, conncenration bounds, and spectral localization. arXiv:0707.0095 (2007)

2. Bourgain, J., Kenig, C.: On localization in continuous Anderson-Bernoulli model in highre
dimensions. Invent. Math 161, 389-426 (2005)

3. Bovier, A., Campanino, M., Klein, A., Perez, F.: Smoothness of the density of states in the
Anderson model at high disorder. Comm. Math. Phys. 114, 439-461 (1988)

4. Campanino, M., Klein, A.: A supersymmetric transfer matrix and differentiability of the
density of states in the one-dimensional Anderson model. Comm. Math. Phys. 104, 227-241
(1986).

5. Carmona, R., Lacroix, J.: Spectral Theory of Random Schrodinger Operators. Birkhéuser,
Boston (1990)

6. Craig, W., Simon, B.: Log Holder continuity of the integrated density of states for stochastic
Jacobi matrices. Comm. Math. Phys. 90, 207-218 (1983)

7. Chulaevsky, V.: A simple extension of Stollmann’s lemma to correlated potentials. Université
de Reims. arXiv:0705:2873 May (2007)

8. Chulaevsky, V., Suhov, Y.: Anderson localisation for an interacting two-particle quantum
system on Z. Université de Reims. arXiv:0705.0657 May (2007)

9. Chulaevsky, V., Suhov, Y.. Wegner bounds for a two-particle tight binding model.
arXiv:0708:2056. Comm. Math. Phys. (2008, in press)

@ Springer



A Wegner-type estimate for correlated potentials 129

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

Constantinescu, F., Frohlich, J., Spencer, T.: Analyticity of the density of states and replica
method for random Schrédinger operators on a lattice. J. Stat. Phys. 34, 571-596 (1983)
Dobrushin, R.L., Shlosman, S.: Completely analytical interactions: constructive description.
J. Statist. Phys. 46, 983-1014 (1987)

Frohlich, J., Martinelli, F., Scoppola, E., Spencer, T.: A constructive proof of localization in
Anderson tight binding model. Comm. Math. Phys. 101, 21-46 (1985)

Frohlich, J., Spencer, T.: Absence of diffusion in the Anderson tight binding model for large
disorder or low energy. Comm. Math. Phys. 88, 151-184 (1983)

Kirsch, W.: A Wegner estimate for multi-particle random Hamiltonians. arXiv:0704:2664
April (2007)

Pastur, L.A.: Spectral properties of disordered systems in one-body approximation. Comm.
Math. Phys. 75, 179 (1980)

Pastur, L.A., Figotin, A.L.: Spectra of Random and Almost Periodic Operators. Springer,
Berlin (1992)

Stollmann, P.: Wegner estimates and localization for continuous Anderson models with some
singular distributions. Arch. Math. 75, 307-311 (2000)

Stollmann, P.: Caught by Disorder. Birkhduser, Boston (2001)

Von Dreifus, H., Klein, A.: A new proof of localization in the Anderson tight binding model.
Comm. Math. Phys. 124, 285-299 (1989)

Von Dreifus, H., Klein, A.: Localization for Schrodinger operators with correlated potentials.
Comm. Math. Phys. 140, 133-147 (1991)

Wegner, F.: Bounds on the density of states in disordered systems. Z. Phys. B. Condens. Matter
44, 9-15 (1981)

@ Springer



	A Wegner-type Estimate for Correlated Potentials
	Abstract
	Introduction
	Stollmann's Lemma for Product Measures
	Extension to Multi-particle Systems
	Extension to Correlated Random Variables
	Application to Gibbs Fields with Continuous Spin
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


