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Abstract

We construct two types of equilibrium dynamics of an infinite particle system in a lo-
cally compact metric space X for which a permanental point process is a symmetrizing, and
hence invariant measure. The Glauber dynamics is a birth-and-death process in X, while
in the Kawasaki dynamics interacting particles randomly hop over X. In the case X = R¢,
we consider a diffusion approximation for the Kawasaki dynamics at the level of Dirichlet
forms. This leads us to an equilibrium dynamics of interacting Brownian particles for which
a permanental point process is a symmetrizing measure.
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1 Introduction

Let X be a locally compact Polish space and let v be a Radon non-atomic measure on
it. Let I' = I'x denote the space of all locally finite subsets (configurations) in X.

A Glauber dynamics (a birth-and-death process of an infinite system of particles in
X) is a Markov process on I' whose formal (pre-)generator has the form

(LeF)(y) =Y _d(,y\ z)(F(y\z) - F(v))
e (1.1)
n /X v(de) bz, 1) (F(yUz) — F(y)), 7eT.

Here and below, for simplicity of notation we write z instead of {x}. The coefficient
d(x,7 \ x) describes the rate at which particle = of configuration + dies, while b(z, )
describes the rate at which, given configuration v, a new particle is born at z.



A Kawasaki dynamics (a dynamics of hopping particles) is a Markov process on I'
whose formal (pre-)generator is

(L F)(7) =) ez, y,y\2)(F(y\zUy) = F(7)), ~veT. (1.2)

xrey

The coefficient ¢(z,y,7 \ =) describes the rate at which particle z of configuration ~
hops to y, taking the rest of the configuration, v \ z, into account.

Equilibrium Glauber and Kawasaki dynamics which have a standard Gibbs measure
as symmetrizing (and hence invariant) measure were constructed in [19, 20]. In [22],
this construction was extended to the case of an equilibrium dynamics which has a
determinantal (fermion) point process as invariant measure, For further studies of
equilibrium and non-equilibrium Glauber and Kawasaki dynamics, we refer to 3, 7, 8,
9, 10, 11, 13, 14, 15, 16, 17, 18, 21, 28] and the references therein.

The aim of this note is to show that general criteria of existence of Glauber and
Kawasaki dynamics which were developed in [22] are appliable to a wide class of
a-permanental (o € N) point processes, proposed by Shirai and Takahashi [30]. This
class includes classical permanental (boson) point processes, see e.g. [5, 30]. We will also
consider a diffusion approximation for the Kawasaki dynamics at the level of Dirichlet
forms (compare with [15]). This will lead us to an equilibrium dynamics of interacting
Brownian particles for which an a-permanental point process is a symmetrizing mea-
sure. As a by-product of our considerations, we will also extend the result of [30] on
the existence of a-permanental point process.

2 Equilibrium Glauber and Kawasaki dynamics —
general results

Let X be a locally compact Polish space. We denote by B(X) the Borel o-algebra on
X, and by By(X) the collection of all sets from B(X) which are relatively compact.
We fix a Radon, non-atomic measure on (X, B(X)). (For most applications, the reader
may think of X as R? and v as the Lebegue measure.)
The configuration space I' over X is defined as the set of all subsets of X which are
locally finite
I':={yCX: |y <ooforeach A € By(X)},

where | - | denotes the cardinality of a set and 7, := N A. One can identify any v € T
with the positive Radon measure Zme ~ Exs where ¢, is the Dirac measure with mass at
v and ) _, e,:=zero measure. The space I' can be endowed with the vague topology,
i.e., the weakest topology on I' with respect to which all maps

sy (o) = /X o(@)1(dr) = 3 p(@), o€ Co(X),

ey



are continuous. Here, Cy(X) is the space of all continuous, real-valued functions on X
with compact support. We denote the Borel o-algebra on I" by B(I'). A point process
in X is a probability measure on (I', B(I')).

We fix a point process p which satisfies the so-called condition () [5, 26], i.e.,
there exist a measurable function 7 : X xI' — [0, +o0], called the Papangelou intensity
of u, such that

) [ doPaa) = [u) [ v ra)Feavn @

for any measurable function F': X x I" — [0, +00]. The condition (X)) can be thought
of as a kind of weak Gibbsianess of y. Intuitively, we may treat the Papangelou intensity
as
7”(:13',’}/) = eXp[_E('%’Y)]? (2'2>

where F(z,7) is the relative energy of interaction between particle x and configura-
tion 7.

To define an equilibrium Glauber dynamics for which p is a symmetrizing measure,
we fix a death coefficient as a measurable function d : X x I' — [0, 400], and then
define a birth coefficient b : X x T' — [0, +00] by

b(x,v) =d(z,y)r(z,y), (x,7)e X xT. (2.3)

To define a Kawasaki dynamics, we fix a measurable function ¢ : X2 x I'? — [0, +o0]
which satisfies

r(@,y)e(x,y,v) =r(y,7)ely,z,7), (z,y,7) € X* x L. (2.4)

Formulas (2.3) and (2.4) are called the balance conditions [13, 14]. We will also assume
that the function c(x,y, ) vanishes if at least one of the functions r(z,~) and r(y, )
vanishes, i.e.,

c(z,y,7) = c(z,y,7)X1r>01 (2, V)X =01 (Y, 7). (2.5)

Here, for a set A, x4 denotes the indicator function of A. We refer to [22, Remark 3.1]
for a justification of this assumption, which involves the interpretation of r(z,7) as in
(2.2), see also Remark 2.4 below.

We denote by FCy(Cy(X),I') the space of all functions of the form

FB/V’_)F(’Y):g(<301a7>7"'7<90N77>)7 (26)

where N € N, ¢1,..., o5 € Co(X) and g € C,(RY). Here, C,(RY) denotes the space
of all continuous bounded functions on RY. We assume that, for each A € By(X),

Auquwmmmm\@<m, (2.7)
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/F u(d) /X +(de) /X v(dy) ez, g7 \ D)0 (@) - ) <o, (28)

As easily seen, conditions (2.7) and (2.8) are sufficient in order to define bilinear forms
EalF.6): = [ utdy) [ 3(dn)dle. 1 \a)(F (3 \2) = FOD(GO @) = Glo))

E(F.G): =5 [ wlan) [ ) [ vldy)cla,n\a)(F G\ 2 Uy) = ()

x (G(y\rzUy) —G(v)),

where F,G € FC,(Co(X),T).
For the construction of the Kawasaki dynamics, we will also assume that the fol-
lowing technical assumptions holds:

Ju,v e R VA € By(X) :

[t [ s\t a) e\ o) € 1) < o (29)

Note that in formula (2.9) and below, we use the convention 2 := 0.

0
The following theorem was essentially proved in [22].

Theorem 2.1. (i) Assume thal a point process p satisfies (2.1). Assume that condi-
tions (2.3), (2.7), respectively (2.4), (2.5), (2.8), and (2.9) are satisfied. Let § = G, K.
Then the bilinear form (&, FCy(Co(x),T)) is closable in L*(T', ) and its closure will
be denoted by (&, D(&;)). Further there exists a conservative Hunt process (Glauber,
respectively Kawasaki dynamics)

Mﬁ = (Qﬁ7 fﬁ? (}f)tZ()? (@g)tz()? (Xﬁ(t»tzo’ (P,g)ryef‘>

on I' which is properly associated with (&, D(&;)), i.e., for all (p-version of) F €
L3(T,u) and t > 0

'Sy piF(y) = /m F(X*(t)) dP*
is an E*-quasi continuous version of exp(tLy)F, where (—Ly, D(Ly)) is the generator of
(&, D(&)). M?¥ is up-to p-equivalence unique. In particular, M* is u-symmetric and
has 1 as invariant measure.
(ii) M* from (i) is up to u-equivalence unique between all Hunt processes

M = (Q, F, (F)i20, (©1)iz0, (X'(t))i=0, (P} )yer)

on I' having p as invariant measure and solving a martingale problem for (Ly, D(Ly)),
i.e., for all G € D(Hy)

é(X’(t))—G(X'(O))—/O(LﬁG)(X’(S))d& t>0,
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is an (F{)-martingale under P, for &-q.e. v € T'. Here, G denotes an Es-quasi-
continuous version of G.
(i1i) Further assume that, for each A € By(X),

/A’V(dfl?) d(z, v\ z) € L*(T, ), /AV(dx) b(x,v) € L*(T, ), (2.10)

in the Glauber case, and

/X’Y(dﬂf)/XV(dy) c(z,y,7\ @) (xa(z) + xa(y)) € L*(T, ) (2.11)

in the Kawasaki case. Then FCy(Co(X),T") C D(Ly), and for each F € FC,(Co(X),T),
LyF is given by formulas (1.1) and (1.2), respectively.

Remark 2.1. We refer to [24] for an explanation of notions appearing in Theorem 2.1,
see also a brief explanation of them in [22].

Proof of Theorem 2.1. The statement follows from Theorems 3.1 and 3.2 in [22]. Note
that, although these theorems are formulated for determinantal point processes only,
their proof only uses the (X!)) property of these point processes. Note also that condi-
tion (2.9) is formulated in [22] only for v = 1, however the proof of Lemma 3.2 in [22]
admits a straightforward generalization to the case of an arbitrary v € R. O]

Remark 2.2. Part (iii) of Theorem 2.1 states that the operator (—Ly, D(Ly)) is the
Friedrichs’ extention of the operator (—Ly, FC,(Co(X),I")) defined by formulas (1.1),
(1.2), respectively.

Let us fix a parameter s € [0, 1] and define

d(
b(

xafy) T(x>7)871X{T>0}(x7'7>7 (.%,")/) € X x Fa (212)
xaly) = T(ZE7/Y)SX{T>0}<$7’7)7 (l‘af)/) € X X Fa (213)
o(z,y,7) = al@, y)r(z,7) (Y, 1) X0 (V)X =01 (1, 7);
(z,y,7) € X* x T
Here the function a : X% — [0, +00) is bounded, measurable, symmetric (i.e., a(x,y) =
a(y,x)), and satisfies

(2.14)

sup/Xa(a:,y) v(dy) < 0. (2.15)

zeX
Note that the balance conditions (2.3) and (2.4) are satisfied for these coefficients, and
so is condition (2.5).

Remark 2.3. Note that, if X = R? and a(z,y) has the form a(z — y) for a function
a: R? — [0,00), then condition (2.15) means that a € L*(R¢, dz). (Here and below,
in the case X = RY, we use an obvious abuse of notation.)
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Remark 2.4. Using representation (2.2), we can rewrite formulas (2.12)—(2.14) as fol-
lows:

d(z, 7\ 7) = exp[(1 = s) E(z, v \ 2)]X(m<too} (T, 7\ 7),
b(z, 7\ x) = exp[—sE(z,7 \ 2)|X{E<to0} (T, 7\ @),
c(z,y, 7\ z) = alz,y)exp[(1 — s)E(z, v\ ) — sE(y, 7\ z)]
X X{E<+o0} (37, Y \ x)X{E<+OO} (ya Y \ x)

So, if the corresponding dynamics exist, one can give the following heuristic description
of them: Both dynamics are concentrated on configurations v € I' such that, for each
x € 7, the relative energy of interaction between z and the rest of configuration, v\ z,
is finite; those particles tend to die, respectively hop, which have a high energy of
interaction with the rest of the configuration, while it is more probable that a new
particle is born at y, respectively x hops to y, if the energy of interaction between y
and the rest of the configuration is low.

Let us assume that the point process u satisfies:

VA € By(X) : /Av(dx) € LA(T, ).

Then, by choosing u = 1 — s and v = —s in (2.9), we conclude that the coefficient ¢
given by (2.14) satisfies (2.9).

We will construct below a class of point processes p for which the coefficients d, b
and ¢ given above satisfy the other conditions of Theorem 2.1.

3 Permanental point processes and corresponding
equilibrium dynamics

Let K be a linear, bounded, self-adjoint operator on the real space L?(X,v). Further
assume that K > 0 and K is locally of trace class, i.e., Tr(PAKP,) < oo for all
A € By(X), where Py denotes the operator of multiplication by x,. Hence, each
operator Pyv/K is of Hilbert-Schmidt class. Following [23] (see also [12, Lemma A .4]),
we conclude that v/K is an integral operator whose integral kernel, »(x,y), satisfies

/A/XIJ(dzzc)l/(dy)%(m,y)2 <oo forall A€ By(X). (3.1)

In particular,
s(x,-) € L*(X,v) forv-aa x¢cX. (3.2)



Hence, K is an integral operator whose integral kernel can be chosen as

k(x,y):/X%(x,z)%(z,y)l/(dz)

(3.3)
= [ ety ) = ) Do
X
We also have, for each A € By(X),
Tr(P\KPy) = |VEKPy||s
(3.4)

— [ vtao) [ wtdpseto? = [ Koo vio)

where || - ||gs denotes the Hilbert—Schmidt norm.

Proposition 3.1. There exists a random field (Y (x))zex on a probability space (2, A, P)
such that the mapping
X xQ3 (r,w) = Y(z,w) (3.5)

is measurable, and for v-a.a. x € X, Y (x) is a Gaussian random variable with mean 0
and such that

E(Y(2)Y(y)) = k(z,y) for v**-a.a. (v,y) € X* and v-a.a. v =y € X. (3.6)

Remark 3.1. The statement of Proposition 3.1 is well-known if the integral kernel of
the operator K admits a continuous version (see e.g. Theorem 1.8 and p. 456 in [30]).
In the latter case, (Y (2)).ex is a Gaussian random field and formula (3.6) holds for all
(z,y) € X2

Proof of Proposition 3.1. Consider a standard triple of real Hilbert spaces
H,C Hy=IL*X,v)C H_.

Here the Hilbert space H, is densely and continuously embedded into H, the inclusion
operator H, — Hj is of Hilbert—Schmidt class, and the Hilbert space H_ is the dual
space of H, with respect to the center space Hy (see e.g. [2]).

Let P be the standard Gaussian measure on H_, i.e., the probability measure on
the Borel o-algebra B(H_) which has Fourier transform

. 1
[ een B —exo [~ IR, € Hy
H_

where (w, f) denotes the dual pairing between w € H_ and f € H, . Then the mapping
H. > f — (-, f) can be extended by continuity to an isometry

I:Hy— L*H_,P). (3.7)
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For any f € Hy we denote (-, f) := If. Thus, for each f € Hy, (-, f) is a (complex)
Gaussian random variable with mean 0 and for any f,g € H,

/ (. F)w, 9) P(dw) = (f, 9) 200 (3.8)

Thus, by (3.2), we set for v-a.a. z € X, Y(z,w) := (w,k(z,-)). Hence Y(z) is a
Gaussian random variable and by (3.3) and (3.8), (3.6) holds.

Hence, it remains to prove that there exists a random field Y = (Y (z)).ex for
which the mapping (3.5) is measurable and such that Y (z,w) = Y (z,w) for v @ P-a.a.
(z,w). To this end, we fix any A € By(X) and denote by B(A) the trace o-algebra of
B(X) on A. We define a set D, of the functions u : A x X — R of the form

= ZXAi(I)fi(y)7 (39)

where A; € B(A), fi € Hy,i=1,...,n. Define a linear mapping
In:Dy = L*(Ax H_,v®P) (3.10)

by setting, for each u € Dy of the form (3.9),
(Izu)(z,w) ZXA N w, fi), (r,w)e Ax H_.

Clearly, I, can be extended to an isometry
In: LP(Ax X,0%%) = LA(Ax H_,v®P),

and we have Iy = 1, ®I, where 1, is the identity operator in L?*(A, v) and the operator
I'is as in (3.7).

Fix any u € L*(A x X,v®?). As easily seen, there exist a sequence (u,,)%>; C Dy
such that u, — w in L2(A x X, v®?) and for v-a.a. © € A, u,(z,-) — u(z,-) in L2(X v)
Hence, for v-a.a. x € A, Iyu,(x,-) = Iyu(z,-) in LQ(H_,IP’), Wthh 1mphes

(Izu)(z,w) = (w,u(x,-)) for P-a.a. w e H_. (3.11)

Now, denote by sz, the restriction of s to the set A x X. For v-a.a. x € A, we
define Yy (z) := (Ip2e)(z, ). Hence, by (3.11), for v-a.a. z € A, Ya(z) = Y (z) P-a.e.
Finally, let (A,)22, C Bo(X) be such that A, NA,, =0 if n # m and |J—, A, = X.
Setting Y'(z) := Y}, (x) for v-a.a. z € A,,n € N, we conclude the statement. O



Let Y be a random field as in Proposition 3.1. For each A € By(X), we have

E (/A Y@)%(dx)) _ //\E(Y(m)z)y(dx)
= [ wta) [ wtdpeto)? < o0

In particular, the function Y (x)? is locally v-integrable P-a.s. Let [ € N and let (2, A, P)
be a probability space on which [ independent copies Y7, Ys, ..., Y, of a random field
Y as in Proposition 3.1 are defined. Denote by p) the Cox point process on X with
random intensity ¢ (z) = Y>'_, Y;(x)?, which is locally v-integrable P-a.s. Thus, z()
is the probability measure on (I', B(I")) which satisfies

[ ua@Pe) = [ B [ 70 mman @) FO) (3.12)

for each measurable function I : I — [0, +00|. Here, for a locally v-integrable function
g:X —[0,+00), we denote by 7y(),(dz) the Poisson point process in X with intensity
measure g(x)v(dx), see e.g [5]. This is the unique point process in X which satisfies
the Mecke identity

/F oot (47) /X A(d2)F(z, ) = / oot (47) /X v(dr) g(@)F(z,7Uz) (3.13)

for each measurable F' : X x I' — [0, +00]. By (3.12) and (3.13) (compare with e.g.
[27]), for each [ € N, the point process u!) satisfies condition (X!) and its Papangelou
intensity is given by

r0(z,7) = E(g" (@) | F (ZY 21 F)). (3.14)

Here E denotes the (conditional) expectation with respect to the probability measure
B(dw, d) = B(d) 7,0 gy () (3.15)
on ) x I', while F denotes the g-algebra on {2 x I' generated by the mappings
QxT3(w,y) = F(y) €R,

where ' : ' — R is measurable.
Recall that a point process p in X is said to have correlation functions if, for each
n € N, there exist a non-negative, measurable, symmetric function k‘fln) on X" such



that, for any measurable, symmetric function f : X" — [0, +00],

/1“ Z F™ (.. x,) p(dy)

{xl ..... In}C’Y (316)

= _ F™ (... ,xn)kftn)(azl, oo Ty v(dey) - v(dey,).

As well known (e.g. [5]), for a locally v-integrable function g : X — [0, +00), the
Poisson point process y(,),(dz) has correlation functions

kfj‘) (1, ..y xn) = g(zq) -+ g(xy). (3.17)

Let us recall the notion of a-permanent [31], called a-determinant in [30]. For a
square matrix A = (a;;)7;—, and o € R, we set

per, A := Z "= ﬁ Qi (i),

gESy =1

where S, is the group of all permutations of {1,...,n} and m(o) denotes the number
of cycles in o. In particular, per; A is the usual permanent of A, while per_; A is the
usual determinant of A. Analogously to [30, subsec. 6.4], we conclude from (3.12),
(3.16) and (3.17) that the point process () has correlation functions

/{:(n)

Mo

(1, ..., 2n) = pers (lk(zs, ;)72 for v¥-aa. (v1,...,2,) € X" (3.18)

N~

For | = 2, the point process u(? is often called a boson point process, see e.g. [5, 23].
Thus, we have proved the following

Proposition 3.2. For each | € N, there exists a point process pV) in X whose correla-
tion functions are given by (3.18). The puD satisfies condition (X!) and its Papangelou
intensity is given by (3.14).

Remark 3.2. Recall that in [30], under the same assumptions on the operator K, the
existence of a point process with correlation functions (3.18) was proved for even [ € N,
and for odd [ € N the statement of Proposition 3.2 was proved under the additional
assumption of continuity of the integral kernel k(-,-).

We will now prove that, for a point process u) as in Proposition 3.2, Glauber and
Kawasaki dynamics with coefficients (2.12), (2.13) and (2.14), respectively exist.

Theorem 3.1. (i) For each point process p) as in Proposition 3.2, the coefficients
d(x,7y) and b(x,7) defined by (2.12) and (2.13), satisfy conditions (2.3) and (2.7) and
so statements (i) and (ii) of Theorem 2.1 hold, in particular, a corresponding Glauber
dynamics exists.

10



(i) Assume additionally that k(x,z) is bounded outside a set A € By(X). Then
for a point process u") as in Proposition 3.2, the coefficient c(x,vy,v) defined by (2.14),
satisfies (2.4), (2.5), (2.8) and (2.9), and so statements (i) and (ii) of Theorem 2.1
hold, in particular, a corresponding Kawasaki dynamics exists.

Proof. We start with the following
Lemma 3.1. For each n € N and for v-a.a. v € X
2n)!
[t utan) < 2 by (3.19)
r

- 2npl

Proof. Using Jensen’s inequality for conditional expectation and the formula for mo-
ments of a Gaussian measure (see e.g. [2, Chapter 2, Section 2, Lemma 2.1]), we have

[ty i) = BEY @ | 7)) < BEY () | )
= B0 @) < O et By = e b 2"

for v-a.a. x € X. O]

We will only prove statement (ii) of Theorem 3.1, as the proof of statement (i) is
similar and simper. Also, for simplicity of notation, we will only consider the case [ = 1
(for [ > 1 the proof being similar). We will also omit the upper index (1) from our
notation. By (2.1) we have, for each A € By(X),

/F () /X +(dz) /X v(dy) ez, 9,7\ ) (xa (@) + xa(®))
_ / u(d) /X (dx) /X o(dy) v, 7)ee, 9 ) (@) + xa )
- / u(dy) /X (dx) /X v(dy) a(a, y)r(@,7)°r (9.7) X0y (2,7)

X X031 (¥ V) (xa () + xa(y)) (3.20)
< / () /X v(dx) /X v(dy) alz, y)r(z, 1) 7) e (@) + xa(®)

:2/Fu(d7)//\1/(dx)/xl/(dy) a(z,y)r(z,v)r(y,7)*
<2 [ () [ wtde) [ vidg)ata )3+ oo )1+ 7).
By (2.15)
[t [ vtde) [ vidg)atan) < oo, (3.21)
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Below, C;,i = 1,2,3,..., will denote positive constants whose explicit values are not
important for us. We have, by (2.15)

/F () / v(do) /X v(dy) alz, y)r(, )

:/Fu(m)/Ay(d:c)r(x,v)(/XV(dy) a(l’,y)>

<Ci [ @) [ vidoyrten e
:Cl/rlu(dv)/Ay(dx) :C’l//\k(x,a:)u(dx) < 0.
Next, by (3.14)
/F 1u(dv) /A v(dz) Xu(dy) a(z,y)r(y,7)
= /A v(dz) /X v(dy) a(z,y) /F p(dy)r(y,)
_ /A o(dx) /X v(dy) alz, v)k(y, y) (3.23)

— [ vt [ dpateb + [ vido) [ vt ate.)kton)
<G [ vtdo) [ dnito) + 6 [ vido) [ vidn)ate) < e,

where we used that the function a is bounded and k(y,y) is bounded on A€. Analo-
gously, using Lemma 3.1, we have

/F () / (dx) /X v(dy)alz, y)r(z,7)r(y,7)
< / v(dz) /X v(dy) a(e, )r( Yz 7@, g
<y / v(d) /X v(dy) alz, y)k(x, 2)k(y ) (3.24)
< / v(de) k(z, ) /A v(dy) k(. )
+C(5/Al/(d:n)k:($,x) /Acy(dy)a(a:,y) < 00.

Thus, by (3.20)—(3.24), the theorem is proven. O
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Theorem 3.2. (i) Let s € |3,
Then the coefficients d(z,~) an
(2.10). Thus, FC,(Co(X),TI")
given by formula (1.1).

(ii) Let s € [%, 1}, and let the conditions of Theorem 3.1 (ii) be satisfied. Further
assume that either

1], and let the conditions of Theorem 3.1 (i) be satisfied.
nd b(x,7y) defined by (2.12) and (2.13), satisfy condition
C D(Lg), and for each F' € FCu(Co(X),I'), LaF is

19
27

VA € By(X) N € By(X) Ve e AVy e (A)°:  a(x,y) =0, (3.25)

or

/ k(x,z)? v(dr) < oo, (3.26)
A
where A is as in Theorem 3.1 (ii). Then the coefficient c(x,y,~) defined by (2.14), sat-

isfies condition (2.11). Thus, FCy(Co(X),I') C D(Lxk), and for each F € FC,(Cy(X),T),
Lk F is given by formula (1.2).

Remark 3.3. If X = R? and the function a is as in Remark 2.3, then condition (3.25)
means that the function a has a compact support.

Proof of Theorem 3.2. We again prove only the part related to Kawasaki dynamics
and only in the case [ = 1, omitting the upper index (1) from our notation. We first
assume that (3.25) is satisfied. Since the function a is bounded and satisfies (3.25), it
suffices to show that, for each A € By(X),

/7(d$)/V(dy)r(x,v\fv)s‘lr(y,v\w)sx{mo}(w,v\x)x{r>o}(y,7\ﬂf) € L*(p). (3.27)
A A

We note that, for s € [%, 1}, 2s — 1 € [0,1]. Therefore, by the Cauchy inequality, we
have

/F p(dfy)( /A y(da) (@, \ 2)* xgrsoy (@, 7\ )
< @)\ N 07\ 2))
< [ utd) [ @)\ o Doy \a)
([ ) v \ o) o\ ) )
_ /F 1(dy) /A v(dz) (2, %)% X sy ()
< ([ A o) )+
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< [ utan( [ a1+ ) )+ 1
< ([utan( [ vtama+rwan)) " [uanow )" e
By Lemma 3.1, we have, for each n € N,
[ utan( [ viaa)y )’
= [ e+ [ vtz [ p@) ez o)
< [ wtam)- [ vtden)lrn, Magn I e
< %(/Au(dx)k(x,z))" < 00

Now, (3.27) follows from (3.28) and (3.29).
Next, we assume that (3.26) is satisfied. We fix A € By(X) and denote

(3.29)

u(z,y) = a(z, y)(xalr) + xa(r)).
Then, by the Cauchy inequality,

Jutan( [ 2tan) [ vtdpute.ppriea o s\ o
x 1Y, 7\ ) X0y (4,7 \ w)>2
< [ utd) [ 2(aa) [ vtdpute e\ o e \a)
<\ P X1 \a) [ () [ vl e’y
= [ utd) [ wtda) [ vidg)ate ey o e
X (Y, M) X >0y (Y, 7) /X (v + &2)(d2') /X v(dy') u(z',y')
< [ @) [ vtdo) [ vidy) a3+ @)@+ o)
< ([ Aty [ vtayut ) + [ viayyute).

By (2.15), it suffices to prove that

2

[t ( [ viao) [ vt uta)a+ @)@ rma) <o @30

14



Jutan( [ ataa) [ vidnuen)” < . (3.31)

We first to prove (3.31). We have, by Proposition 3.2,

k@,2') + k(@ 2)k(a', ) u(z, y)u(a’, 1))
/ (d2) k(e 2)ulz. y)u(z, o)

_|_

g(/Al/(dq:) k(:t:,:c)/XV(dy) u(x,y)—i-C?/Xy(dy)/X,/(dx) u(:c,y)>2 < .

Next, we prove (3.30). By Lemma 3.1 and (3.26), we have

Jutan( [ vian) [ wtdute) @+ e+ )

:/XV(da;)/Xu(dx’)/Xu(dy)/XV(dy’)U(x,y)U(w’,y’)

X / pldy) (1 + (2, 7)1+ (@, 7)1 +r(y, )+ 7, 7)?)

r

g/Xy(dx)/Xu(d:c’)/Xu(dy)/Xv(dy’)u(:c,y)U(x',y') (L4 {7 (2, )l 22 0y)

15



% (14 1@ M) (4 I Plags) L+ I o)
<o /X v(dx) /X (dy) (e, y)(1 -+ b 2)(1+ k(.5)?) < oo

Thus, the theorem is proven. O

4 Diffusion approximation

From now on, we set X = R?, d € N, and v to be Lebesgue measure. We will show that,
under an appropriate scaling, the Dirichlet form of the Kawasaki dynamics converges
to a Dirichlet form which identifies a diffusion process on I' having a permanental point
process ) as a symmetrizing measure. The way we scale the Kawasaki dynamics will
be similar to the ansatz of [15].

We denote by FC°(C5(R?),T) the space of all functions of the form (2.6) where
N eN, ¢1,...,on € CE(RY) and g € C(RY). Here, Cg°(RY) denotes the space of
smooth functions on R? with compact support, and C2°(RY) denotes the space of all
smooth bounded functions on RY whose all derivatives are bounded. Clearly,

FOX(C(R),T) € FCu(Co(R), 1),

and the set FC°(Cg°(R?),T) is a core for the Dirichlet form (Ex, D(Ek)).
We fix s = 1/2. Let us assume that the function a(z,y) is as in Remark 2.3. Thus,
the coefficient c(x,y, ) has the form

c(x,y,7) = a(z — y)r(z, 7)1y, 1) Xm0y (T, 7) X >0y (5 7)- (4.1)

Note that y — = describes the change of the position of a particle which hops from x
to y. We now scale the function a as follows: for each € > 0, we denote

a.(z) := e Pa(x/e), xR (4.2)

The Dirichlet form (Ek, D(£k)) which corresponds to the choice of function a as in
(4.2) will be denoted by (&, D(E,)).

Theorem 4.1. Assume that the function a has compact support, and the value a(x)
only depends on |x|, i.e., a(x) = a(|z|) for some function a : [0,00) — R. Further
assume that the function »(x,y) has the form »(x —vy) for some 3 : R — C, and

lim [ (s(z) — 2(x +y))*dz = 0. (4.3)

y—0 R

For each | € N, define a bilinear form (€, FC(C(RY),T)) by

E(F.G) = c/

T

uO(dr) / (e, )V F(UR), V.G UD). (44)
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Here
1

ci= —/ a(x)x? dx
2 R4

(x1 denoting the first coordinate of v € R?), V, denotes the gradient in the x variable,
and {-,-) stands for the scalar product in R%. Then, for any F,G € FCZ(C(RY),T),

E(F,G) = &E(F,G) ase— 0.
Remark 4.1. Assume that the function s is differentiable on R?. Denote

K(z,6) = sup |Vx(y), x€R? §>0.

y€B(x,0)

Here B(x,d) denotes the closed ball in R? centered at o and of radius §. Assume that,
for some § > 0,

K(-,0) € L*(R?, dx). (4.5)

Then condition (4.3) is clearly satisfied. Note that condition (4.5) is slightly stronger
than the condition |V| € L*(RY, dz).

Proof of Theorem 4.1. Again we will only present the proof in the case [ = 1, omitting
the upper index (1). We start with the following

Lemma 4.1. Fiz any A € By(RY) and o € (0,1]. Then, under the conditions of
Theorem 4.1,

r(z+ey, ) = r(z,y)* in LA x A xR p(dy)dedya(y)) as e— 0.

Proof. We first prove the statement for & = 1. Thus, equivalently we have to prove
that

r(z+ey,v) = r(z,7) in LHQXTxAxRY P(dw,dy)dzdya(y)) as e — 0. (4.6)

We have, using Jensen’s inequality for conditional expectation,
o [ avaty) [ Ba.dn) (o + =) = r(a)?
A R4 QxT
= / da:/ dy a(y)/ P(dw, dy)E(Y (z + ey)? — Y (z)? | F)?
A R4 QxT
< [ar [ dyaty) [ Blds.an(y(e+ep? - Yary?
A R4 QxT

_ /A iz /R dyay) /Q 4P (Y (2 + ey)' + Y (2)! — 2V (z + )2V (2)?2).

(4.7)
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Using the formula for moments of a Gaussian measure, we have
/ Y(x +ey)t dP
Q

= 3</Rd %(x+5y—u)2du>2
= 3(/Rd »(x —u)Qdu>2

_ /Q Y (2)* dP.

Analogously, using condition (4.3) and the dominated convergence theorem, we get

/A do /R dyay) /Q dPY (z + )Y ()2

:/Adx/Rddya(y)[/Rd%(x%—ey—u)Qdu./Rd%(l,_u/)gdu,

+2(/Rd o + ey — u)se(z — u) duﬂ

—>/dx/ dya(y)/dIP’Y(x)4 as ¢ —0.
A Jrd Q

By (4.7)-(4.9), statement (4.6) follows.

To prove the result for a € (0,1), it is now sufficient to show the following

Claim. Let (A, A,m) be a measure space and let m(A) < oo. Let f. € L*(m),
f- >0,e € [-1,1], and let f. — fo in L?*(m) as ¢ — 0. Then, for each a € (0, 1),
f&— f&in L*(m) as € — 0.

By e.g. [1, Theorems 21.2 and 21.4], f. — fo in L*(m) implies that

(4.8)

(4.9)

(i) fo — fo in measure;

(ii) sup /fs2 dm < oo;

e€[—1,1]

(iii) For each 6 > 0 there exist h € L'(m) and § > 0 such that, for all 0 < |¢| < 1 and
for each A € A
/hdm§5:>/ffdm§9.
A A

Hence, for o € (0,1), we get

a) f& — f§ in measure;

18



Sup /fzo‘dm< sup /(1+f€2)dm<oo;

[—1,1] [—1,1]

c) Let 6, h, and 0 be as in (iii). Set ' := h+ §. Clearly, h € L'(m). Assume that,
for some A € A, [, h'dm < §. Hence [, hdm < 6, and therefore [, f2dm <6
for all 0 < || < 1. Furthermore, we get [, 2dm < §, and therefore m(A) < 6.
Now

/ff“dmé/(1+ff)dm§29.
A A

Applying again [1, Theorems 21.2 and 21.4], we conclude the claim. [
Fix any F € FC(C5(RY),T). We have

E.(F, F)
/ d”Y /]Rd dx Ad dye~ d=2, _y)/g)r(x,’}’)l/%“(y,”)/)1/2(F(’}’U$) —F(’YUy))2
- % /F“(d’” /R dx /R dy a(y)r(x + ey, y)"*r(x, y)"/? (F(V U{z+ avi}) —F(yu x)) |

Assume that 0 < |¢| < 1. Noting that the function F' is local (i.e., there exists A €
By(RY) such that F(y) = F(ya) for all v € I') and that the function a has a compact
support, we conclude that there exists A € By(R?) such that

em R = [ute) [ [ ayatyrte + v orie s

 (Fovita = Foun) 10

3

By the dominated convergence theorem

T(:E,’y)l/2 <F(7U{$+€Z})—F(’YU1‘)) —>7“(CL’,’)/>1/2<VIF(’}/U$),?J>2 (4'11)

in L2(I' x A x R y(dvy) dz dy a(y)) as € — 0. By Lemma 4.1 with o = 1/2, (4.10) and
(4.11)

E(FF) — %/Fu(dv)//\dx/ﬂ{d dy a(y)r(z,7)(V.F(yUz),y)>. (4.12)

Since a(y) = a(|y|), for any 4,5 € {1,...,d}, i # j, we have

/ a(y)yiy; dy =0
Rd
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and

1
c:—/ ay)yidy, i=1,...,d.
2 Rd

Therefore, by (4.12),

E(FF) — c/

i) / drr(z,)IVaF (7 U

From here the theorem follows by the polarization identity. O]

We will now show that the limiting form (&, FC(C5°(R?),T')) is closable and its
closure identifies a diffusion process.

In what follows, we will assume that the conditions of Theorem 4.1 are satisfied.
We have

ke = [ e = w)ely = ) du
:/Rd %(u—y)%(u—x)du:/ se(u)z(u+y — ) du.

R4

Hence, by (4.3), the function k(x,y) is continuous on (R%)2. Thus, by Remark 3.1,
(Y(x))zex is a Gaussian random field and formula (3.6) holds for all (z,y) € (R?)2.
Consider the semimetric

D) =5( [ - viwyrar) "
= %(k(x,x) + k(y,y) — 2k(z, y))1/2 (4.13)

- </Rd %(U)(%(U) —x(u+y — :B)) du)l/z, z,y € RL

The associated metric entropy H(D,0) is defined as H(D,d) := log N(D,d), where
N(D, ) is the minimal number of points in a d-net in B(0,1) = {z € R? | |z| < 1}
with respect to the semimetric D, i.e., points x; such that the open balls centered at
x; and of radius § (with respect to D) cover B(0,1). The expression

J(D) = /O | D) do

is called the Dudley integral. The following result holds, see e.g. [4, Corollary 7.1.4]
and the references therein.
Theorem 4.2. Assume that J(D) < co. Then the Gaussian random field (Y (x)),epra

has a continuous modification.
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Remark 4.2. Let s be as in Remark 4.1. Then, by (4.13), for any =,y € B(0, 1)

1/2

Do y)? < O aenay ([ (o) = et +y ) du)
R
< Nzl r2a,an 1K (¢ 2 2 @aan [y — =],
where we assumed that K(-,2) € L?*(R% dz). Then J(D) < oo, see e.g. [4, Exam-
ple 7.1.5].

Denote by I the space of all multiple configurations in R Thus, I is the set of all
Radon Z, U {+occ}-valued measures on RY, In particular, I' C I'. Analogously to the
case of I', we define the vague topology on I' and the corresponding Borel o-algebra

B().

Theorem 4.3. Let s(x,y) be of the form s(x — y) for some » € L*(R? dx). Let
J(D) <oo. Letl € N and ¢ > 0. Then

(i) The bilinear form (Ey, FCZ(Cs(RY),T)) defined by (4.4) is closable on L*(T", V)
and its closure will be denoted by (Ey, D(&)).

(ii) There ezists a conservative diffusion process

MO = (QO, ./T"O, (f?)tz(], (@?)tzm (Xo(t))tZOa (on)yef)

on T which is properly associated with (£, D(&)). In particular, MO is u® -symmetric
and hasuu(l) as invariant measure. In the case d > 2, the set T'\ T is E%-exceptional,
so that I' may be replaced by with T in the above statement.

Proof. We again discuss only the case [ = 1, omitting the upper index (1). By (4.4),
for any F,G € FC(C(RY),T),

E(F.G) = ¢ / B(dw, dv) /R drB(Y (,0)? | F)VF (3 Ug), V.G(y U )

QxI

:/Q F]f"(dw,d’y) /]Rd dzY (z,w)? (4.14)
x (Vo(F(yUz) = F(7)), Vo(G(yUz) = G(v)))-

Fix (w,v) € Q@ x I'. Denote

f(x) :=F(yUz) - F(y), g(x)=G(yUz)—G(y).

Clearly, f,g € C°(RY). In view of Theorem 4.2, Y (z,w)? is a continuous function of
x € R% Hence, by [6, Theorem 6.2], the bilinear form

&(f.9) = [ (VH(a). Vala)Y (0. s, f.g € CFR)
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is closable on L?(R?, |Y (x,w)|? dz). Now the closability of (&, FC(Cg(RY),T)) on
L*(T', u) follows by a straightforward generalization of the proof of [6, Theorem 6.3].
Part (ii) of the theorem can be shown completely analogously to [25, 29], see also
120]. O

Remark 4.3. Heuristically, the generator of (&, D(&y)) has the form

Vr(z, v\ x)
r(z, v\ x)

(LE)) =Y (AF () +(

FASe

V().

Here, for x € v, V,F(y) :== V,F(y\zUy) ‘y:m and analogously A, is defined. However,
we should not expect that r(z, ) is differentiable in z.
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