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Abstract. In this paper, we are interested in estimates of the Dunkl kernels
on some special sets. We improving results of M.F.E. de Jeu and M. Résler [6].

1. Introduction

In [9] Dunkl constructed a commutative set of first-order differential-
difference operators on R"™ associated with a root system and positive pa-
rameters attached to the roots. These operators, which came to be known as
Dunkl operators, have applications in various areas of mathematics and in
mathematical physics, such as in the study of integrable quantum many-body
systems of Calogero-Moser—Sutherland type (see [16]). Dunkl operators give
rise to the so-called Dunkl kernel which extends the usual exponential func-
tion and plays a central part in developing the harmonic analysis in the
Dunkl setting. It is in particular the integral kernel of the Dunkl transform.
Although extensive studies have been devoted to the Dunkl kernel [5,6,8,9,
12], its explicit formula is still unknown in general and finding it is a very
difficult problem. Recently, there have been an interest in developing formu-
las in specific cases [1-4]. This paper is concerned with further information
about Dunkl kernels in a general setting; we are particularly interested in
their asymptotic behavior. Following the topic raised in [6], we obtain an
estimate which is uniform in each convex cone contained in an open Weyl
chamber (Theorems 2.5 and 2.7).

To begin, we first recall some background from the Dunkl theory.
General references are [6,7,9,12,13,15]. Consider the Euclidean space R"
equipped with the canonical basis (e, eq,...,e,) and the scalar product
(z,y) = >_7_ xjy; with associated norm |z| = (z,2)"/2. Let G C O(R™)
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2 B. AMRI and A. GASMI

be a finite reflection group associated to a reduced root system R and let
k: R — [0,400) be a G-invariant function (called multiplicity function). Let
R™ be a positive root subsystem.

The Dunkl operators Dg¢(k) on R™ are the following k-deformations of
the directional derivatives 0 by difference operators:

(L) Deh)f(@) = 0ef(x) + 3 k(o) (v,e) T~ Tlow2)

vERT <U’ $>

where o, is the reflection with respect to H,, the hyperplane orthogonal
tov. The operators 0z and D¢(k) are intertwined by a Laplace-type operator

Vif(z) = [ f(y) dve(y)

R~

associated to a family of compactly supported probability measures {v, |
x € R"}. Specifically, v, is supported in the convex hull co(G.z).
For each y € C™, the simultaneous eigenfunction problem

De(k)f = (y, &) f, forall § € R,

has a unique analytic solution f(z) = Ej(x,y) such that E;(0,y) = 1, called
the Dunkl kernel, which is given by

(1.2) Ei(z,y) = Ve(eb¥)(z) = / e dy,(z)  for all z € R™.

n

The Dunkl kernel Ej,(z,y) which reduces to the exponential e/®¥) in the case
k = 0 has a holomorphic extension to C" x C" and the following holds: for
z,y € C", A€ C and g € G we have

Ey(z,y) = Ex(y,®), Ep(Az,y) = Ep(z, Ny), Eix(g-w,9.y) = Ep(z,y).
Furthermore, for z,y € R" and z € C

(1.3) |Ej (22, )| < max eRe=@9),
geG

In particular, if we denote by ™ the intersection point of any orbit G.z with
the closure of the fundamental Weyl chamber C, then

|By(x,y)| < e,
We note here that the chamber C' is given by
C={zeR":(z,v)>0forallve R"}.
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In dimension n = 1, the Dunkl kernel E, can be expressed in terms of
the confluent hypergeometric function:

Ek(x7y) = Ek(xy) = e lFl(ka 2k + 17 —ny)

Using the asymptotic behavior of 1 F (see, e.g., [11]), we state the following
estimates: for some constant ¢ > 0,

elzyl

(14) Bl <e

and | Ey(izy)| < cloy[™"; 2,y € R\{0}.

Our aim is a generalisation of the estimates (1.4) in higher dimensions and
for any reflection group. We claim that the following hold for some constant
c> 0

e(w*,?ﬁ)
(1.5)  |Eg(z,y)| and |Ey(iz,y)]

= V)

z,y € R"\ U, cp+ Ho, where

(1.6) w(@) = [T Iv,2)2*)

veERT

ka

is G-invariant and homogeneous of degree 2+, and

For § > 0 we let
={z€C:(x,v) >6|z|forallve R}

In this paper we shall prove that (1.5) holds for every z,y € Cs and for a
constant ¢ = ¢(d). We note here that a motivation for extending (1.4) also
arises from the work of De Jeu and Résler in [6] where they proved the
following result.

THEOREM 1.1. There exists a constant non-zero vector v = (vg)geq €
CC such that for ally € C and g € G

lim \/wk(:v)wk(y) €<_m’gy>Ek(i$a gy) = vg.

|z|—o00,2€Cs
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4 B. AMRI and A. GASMI

2. The main estimates for the Dunkl kernel

We may assume that +; > 0 and the root system R generates the
space R™. Let A be the set of the simple roots of R associated with RT; it
is a basis for R™ (see [10]). Let (\;)1<i<n be the dual basis of A. Then the
open fundamental Weyl chamber is given by

n
C:{xER":x:ZxMi, x; >0, forallz'zl,...,n}.
i=1

For a family of linearly independent vectors (v;)1<i<p, we define the con-
vex polytope

n
AU17-..,vn = {.Z' eR":z = invi, x; > O}

=1

LEMMA 2.1. For each 6 > 0 there exists a family of linearly independent
vectors (vi)1<i<n in C such that Cs C Ay, o, .

ProOOF. Let Il be the set
Il ={z €Cs:|z]=1}
and put A =" | A;. For each integer p > 2 define the vectors
A

Up,i:>\i+ , i=1,...,n.
It is easy to see that the vectors v, ; are linearly independent and

n

1
(2.1) Up,i = Up+1,i + pp+n+1) ]Z::lvp-i-l,j

foralli=1,...,n and p > 2. Denote A = A, ., .. It follows from (2.1)
that
AP C APFL

Next we claim that
Jar=c
p

Clearly Up APCcC. . IfzeC,z= Z?:l x;A\; with z; > 0, then we can find
p > 2 such that
T; — Z?:l i >0
p+n
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and so

n n

Zi—lxi>
T = T; — = v, € AP.

;< 7 p+n byt

Now since
IIs C UAp
P

and Il; is compact then there exists pg such that II; C AP° which implies
that Cs5 C APo. This concludes the proof of Lemma 2.1. [

REMARK 2.2. Reciprocally, for Ay, 4, », C C one can find 6 > 0 such
that Ay, v,...0, C Cs. In fact, for z € Ay, 4, 0., =D 1 xiv; and v € RT
we have

n

sz Vi, V) > mln (vi, v sz > cmm(vl, vy|xl,

i=1
for some constant ¢ > 0. Then we put 6 = cmin;(v;, v).
LEMMA 2.3. For all z,y € C and g € G the function
t— e OV By (e, gy), t>0

15 bounded.

ProoF. The lemma follows using the Phragmén—Lindelof theorem (see,
g., [14, Section 5.61]) by considering the functions of a complex variable

w(z) = 2% e * PV By (22, gy), z€ H={zeC:Re(z)>0}.
Indeed, from [6, Corollary 1] it follows that, for regular 2,y € C and g € G,
t — t" By (itx, gy)

is bounded on [0, 00). Now pick arbitrary z,y € R™ \ U, ¢+ Ho. There exist
o, yo0 € C and g1, g9 € G such that x = g1z and y = goyo. Then, for t > 0,

7 By (itx,y) = 7 Eg(itg1xo, g2y0) = t7* By (itzo, 97 9290)

which is bounded on [0, 00) by the initial result. This implies that the func-
tion v is bounded on the positive imaginary axis as well as on the negative
imaginary axis, so that it is bounded on the imaginary axis. Now (1.3)
together with the argument given on [6, p. 122] shows that

u(z)] < [2]™

for each z such that Rez > 0. The Phragmen—Lindel6f theorem can be ap-
plied, which implies the statement in the lemma. [
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6 B. AMRI and A. GASMI

PROPOSITION 2.4. Given a convex polytope A, . ., C C, there exists a
constant ¢ > 0 such that for all g € G and z,y € Ay, ., with x = Z?:l T4

and y = > L, yivi,
Ce<x7y>

B sz 1(xly2)7k/n ‘

PRrROOF. The generalized Holder inequality applied to the integral for-
mula (1.2) yields

(2.2) 0< Ek(z,9.y) <

Ey(z,9.y) = Ex(gy, @ / He’“““z dvgy(2)

n

n 1/n
< {H /n e(nmw,Z) dygy(z)} — HEk(n$iUi,g.y)1/”.
=1

i=1
We can proceed in the same way to obtain

n n

Ey(w,g.y) < [T Br(naivi, ny;g.0,)"™
i=1j=1

n
<TTTT (0P (iy) e wvstvorsd By (n?aiy v, g-vj))l/n2
i=1j=1
elz:y)
" T (g
Then we conclude Proposition 2.4 from Lemma 2.3. [
Now the main estimate is stated as follows:

THEOREM 2.5. Given a convex polytope A, . ., C C, there exists a con-
stant ¢ > 0, depending only on the choice of the vectors v;, such that

celzy)

= V)

(2.3) Ex(z, gy)

forall x,y € Ay, . o, and g € G.

n

PRrROOF. From Lemma 2.1 and Remark 2.2 we can find § > 0 and linearly
independent vectors &1, ...,&, € C such that

Avlv -V C 05 - A517 7§n
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ON THE ESTIMATES OF DUNKL KERNELS 7
As Cs U {0} = Cs is a closed set then we have
Avion \O0F C Agy e,

Now, define the open convex sets

n
(24) Hp, = {x €N g = infz-, x1/p < <priiF 1}, peN.
i=1

Clearly H, T A¢, ... ¢, as p — +oo. Thus,
(25) Avl,...,vn \ {O} C Hp

for some p. Indeed, we write A, . ., = R;H where
H= {a; €Ny, v |zl = 1}.

As H is compact and H C Ag, ¢, =, H, then there exists p such that
H C Hp, from which we get (2.5).

Now take p € N such that Ay, ., \{0} CH,. Let x €A,  ,, with
r =) ", xv;. In view of (2.4) we have that

$i§p2$ja 1§Z,]§’I’L,
from which
n n
2
(54)'= % memzet
i=1 1<iq,yin<n i=1

It follows that for each v € RT we have

1/
sz v, V) < max (vi, v sz < C<H$Z> n.

Hence, according to definition (1.6) of wy we have that

(26) ¢muw=II@mwwchﬁ@)W7

vERT i=1
Finally, using (2.6) in the estimate (2.2) we get

kT, 9.Y) = = >
n s L AL ’Yk/”
1 gy ()" (M w) v
= =1 =1

1=

which is the desired estimate. [
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8 B. AMRI and A. GASMI

We come now to the second part of this work, that is the behavior of the
kernel Ej(iz,y). The main result is the following

THEOREM 2.6. There exists a constant non-zero vector v= (vg)geGeCG
such that for each g € G and 6 >0

(2.7) lim Vwp(@)wy(y)e "9 By (i, gy) = v,.
|z|-Jy|=+o00; 2,y€C;s

ProOF. We proceed as in the proof of [6, Theorem 1]. Keeping the
notations of [6] we consider the function

z,y) = Vwp(@)wg(y) e 9 E(iw, gy);  (z,y) ER" xR", g€ G
and F' = (Fy)geq. According to [6, Lemma 1], if £ = (£1,&) € R™ x R", then

v 5 v,gé —i(v,z) (v
OFywy)= 3 k(v < 1 <<U g;;)e W wI) F ().
vERT !

Here we use the G-invariance of the function k.

Let § > 0 and k= (K1, k2) be a curve of R™ x R™ such that k1, k9: (0, +00)
— Cs are two admissible curves. Recall here that a C'-curve 7: (0, +00)
— Cjy is admissible if lim;_, o |k(t)| = 400 and 7/(¢t) € C for all t € (0 + o0).
Define F"(t) = (Fj)gec where Fj(t) = Fy(r1(t), k2(t)). We have

K (t)) (v,gm’z(t» il D) g} g
UEZR;r k < (t)> <U7 gr2 (t)>> I Favg(t)

and ['* satisfies the differential equation
(F")(t) = A™(t)F"(t)
where the matrix A" (t) is given by A"(t) = > p: k(v)Bj(t) and
(v, k(1)) <Uag“/2(t)>> —i(w,k1 (£)) :
. + e~ HumO)v.gr2 () it h=g,g,
(By(t))g.n(t) = ((v,m(t» (v, gra(t))

0 otherwise.

We will try to apply [6, Proposition 1]. For arbitrary ¢t > 0

| @B ds

T
. (0, m1(5)) | (0, 952(8))\ —itwm () (wamae)) g
T—+oco Jy (v,K1(8)) (v, gra(s))
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ON THE ESTIMATES OF DUNKL KERNELS 9

(k1 (T)) (g™ v,k2(T)) g—iu
= lim du.
T=400 J(v, k1 (1)) (g~ v, k2 (1)) u

Let us point out that since ko(t) € C for all t > 0 and the root system R
is G-invariant then for each g € G and ¢t > 0 we have (g7 'v, ka(t)) > 0 if
g v e RT and (g7 v, ka(t)) <0 if g7'v € R™. From this fact it follows
that
(kL (T)N g~ 0,ka(T)) g—iu v,k (T)) (g~ vsk2(T))| o —isign(g~v)u
/ du :/ du

(v,k1 ())(g~ v,ka(t)) u [(v,k1 (£))(v,gra (£))] w
where for 5 € R
1, ifBeRT

sign(f) = {—1 if3eR.

Now as |(v,r1(T)) (g™ v, ka(T))| > 62|k1(T)||K2(T)] = +00 as T — +oo
then we get

+oo +o0o el sign(g~'v)u
/ (BE(5))giong ds = / du.
t (k1 (1)) {v,gr2 (1)) u

This integral converges. Next we are led to examine the integrability of

_ (s (@) | (v.gra(t)) i (v (8) (v.gks (1)
Tosa®= (00 * toroeact))

“+oo et sign(g~—'v)u
X / du
(8,11 (£)) (B, gra(t))] u

with g € G and v, 8 € R™. Observe that, by integration by parts,

—isign(g~'v)u
‘ / ¢ du
(B,51(8)) (8,00 gra (1)) u

c

= (8, st >></3,avg@< D [, 1 (8) (0, gra()]

(B, 00gr2())] = (97 a0, Ka(t))] = b]ma(t)] = 6 (v, gra(t))]/V2
and similarly |(8, k1(t))| = & |(v, k1(t))|/v/2. Then

g0 < csign(y 1) (1D 0l F B g m 0]
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10 B. AMRI and A. GASMI
and for tg > 0

+00 c
/to Homg OV S ) tto) o, gra(to)) |

Applying now [6, Proposition 1], we conclude that
lim FJ(t)

t—+o00

exists and is different from zero. Next we prove that this limit is independent
of the choice of the admissible curves k1 and k9. Let ¢; and ¢5 be other
admissible curves in Cs. One can construct admissible sequences (zy,), and
(Yn)n in Cs such that (xon41, Yont+1) € (K1, k2) and (22, Yon) € (£1,42). Let
r1 and r9 be interpolating curves of (x,,), and (y,), respectively. Hence we
obtain that

lim Fy(r1(2), #2(t)) = Hm Fy(ri(t),r2(t)) = lim Fy(6(2), £2(1))-

t—o00

Now let z,y € R™\ {0}. If we take the admissible curves ¢;(t) = tx and
l5(t) = ty then from [6, Theorem 1] there exists a constant non-zero vector

v = (vy)gec € Gl such that
tllglo Fy(l1(t), £2(t)) = tlggo Fg(t2377 Y) = vy
Therefore we conclude that

(2.8) lim Fy(k1(t), ka(t)) = v

t—o0

for any admissible curves k1 and k9. Now to obtain (2.7) we claim that

im Vwe(@)wi(y) e 99 By iz, gy) = v,.
|z|. |y|—-o00; z,y€Cs

Indeed, if it is not true, then we can find ¢ > 0 and sequences (z,), and
(yn)n of Cs such that |z,].|ly,| — 400 and

|Fy(2n, yn) — vg] > €.

We can assume that |z,,| — 400 and |y,| — +00, since we have

Fg(xna Yn) = Fg(\/|xn‘|yn‘x/m (\/‘anynw;)

where x], = x,/|z,,| and v, = y},/|yn|. As at the end of the proof of [6, The-
orem 1], we may also assume that (z,,), and (y,), are admissible. It follows
from (2.8) that

tli{go Fg(xnayn) = Ug ’

a contradiction. This ends the proof of Theorem 2.6. [
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ON THE ESTIMATES OF DUNKL KERNELS 11

THEOREM 2.7. Let 6 > 0. There ezists a constant ¢ = c(d) > 0, such
that

(2.9) |Ex(iz, gy)|

ka

for all x,y € Cs and g € G.

PrROOF. From Theorem 2.6 we can find M > 0 such that for all x,y €
Cs, |x|.ly| > M we have

V(@) wy(y) | By (iz, gy)| < |vg| + 1

for all g € G. When |z|.]y| < M, we use (1.3) to obtain

Vo) [Butin, ) <  T] |v\)2%<\x|.|y\>% <ar (] \v|)2w.

vERT vERT

Hence (2.9) follows. O

References

[1] B. Amri, Note on Bessel functions of type An_1, Integral Transform. Spec. Funct.,
5 (2014), 448-461.

[2] B. Amri and N. Demni, Laplace-type integral representations of the generalized Bessel
function and of the Dunkl kernel of type B2, Moscow Math. J., 17 (2017),
1-15.

[3] D. Constales, H. De Bie and P. Lian, Explicit formulas for the Dunkl dihedral kernel
and the (k,a)-generalized Fourier kernel, J. Math. Anal. Appl., 460 (2018),
900-926.

[4] H. De Bie and P. Lian, The Dunkl kernel and intertwining operator for dihedral groups,
arXiv:2003.01646.

[5] M. F. E. de Jeu, The Dunkl transform, Invent. Math., 113 (1993), 147-162.

[6] M. F. E. de Jeu and M. Résler, Asymptotic analysis for the Dunkl kernel, J. Approz.
Theory, 119 (2002), 110-126.

[7] C. F. Dunkl, Differential-difference operators associated to reflection groups, Trans.
Amer. Math. Soc., 311 (1989), 167-183.

[8] C.F.Dunkl, Hankel transforms associated to finite reflection groups, Contemp. Math.,
138 (1992), 123-138.

[9] C.F. Dunkl, Integral kernels with reflection group invariance, Canad. J. Math., 43
(1991), 1213-1227.

[10] J. E. Humphreys, Reflection Groups and Cozeter Groups, Cambridge University Press
(1990).

[11] NIST Digital Library of Mathematical Functions (DLMF), http://dlmf.nist.gov.

[12] M. Rosler, Positivity of Dunk!’s intertwining operator, Duke Math. J., 98 (1999) 445
463.

[13] M. Rosler, Dunkl operators: theory and applications, in: Orthogonal Polynomials and
Special Functions (Leuven, 2002), Lect. Notes Math., vol. 1817, Springer-
Verlag (2003), pp. 93-135.

Analysis Mathematica 47, 2021



12 B. AMRI and A. GASMI: ON THE ESTIMATES OF DUNKL KERNELS

[14] E. Ch. Titchmarsh, The Theory of Functions (2nd ed.), Oxford University Press
(1939).

[15] S. Thangavelu and Y. Xu, Convolution operator and maximal function for the Dunkl
transform, J. Anal. Math., 97 (2005), 25-56.

[16] J. F. van Diejen and L. Vinet, Calogero-Moser—Sutherland Models, CRM Series in
Mathematical Physics, Springer (2000).

Analysis Mathematica 47, 2021



	On the estimates of Dunkl kernels
	Abstract
	Introduction
	The main estimates for the Dunkl kernel
	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 /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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

  /CreateJDFFile 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 <>
    /HUN ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


