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INTRODUCTION

Diffractive reflection of X�ray and synchrotron
radiation from crystals and multilayered periodic
structures (MSes) is widely used in the monochroma�
tization and collimation of radiation. It is known that
electromagnetic fields irradiated by nonlaser radiation
sources are random (Gaussian, as a rule) [1]. The
coherency properties of X�ray radiation considerably
influence both the statistical properties of this radia�
tion as it propagates in free space [2, 3] and the forma�
tion of phase�contrast [4–7] and coherent diffractive
[8–12] images of various crystal, amorphous, and
medicobiological objects. It is therefore important to
determine the length of spatial coherence (LSC) and
the sizes of synchrotron radiation sources [7, 10, 13–15]
and X�ray laser pulses on free electrons [11, 12].

This paper studies the influence of the degree of
spatial coherence of X�ray radiation falling on a mul�
tilayered structure on the spatial coherence function
(SCF) of the radiation after its reflection from the MS.
It is also shown that even such a simple optical element
as a slit leads to a quite substantial change in the trans�
mitted radiation’s SCF, i.e., to the appearance of a
local statistical irregularity in the cross section of the
transmitted beam.

REFLECTION OF A RANDOM X�RAY BEAM 

Let us study the reflection from an MS of partially
coherent (correlated), stationary�in�time X�ray radia�
tion with a field represented as

, (1)

where  is the medium (central) wave vector with
value k0 = | | = 2π/λ, λ is the wavelength; A0(x, z) is
in the general case a random complex field amplitude;
axis x is directed along the surface of MS; and axis z is
directed into the depths of the medium normal to the
surface. Here, k0x = k0cosθ, k0z = k0γ0, where γ0 = sinθ
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and θ is the arbitrary angle of the beam incidence (1)
relative to MS surface.

Let us represent random field (1) on the surface of
the MS z = 0 as a Fourier expansion by plane waves:

, (2)

where

. (3)

Let us substitute field (1) into (3) and introduce
variable q = kx – k0x. If the characteristic cross section
dimension of the beam is r0  λ, spectral amplitude

 (4)

differs considerably from zero only at |q|  k0x (the
quasi�optical approach in [16]) and, like A0(x), is a
random function of argument q. Field (1) can be rep�
resented as the set of plane waves A0(q)  falling

on MS, where kx = k0x + q and kz = (  – kx
2)1/2. If R(kx)

is the amplitude reflection ratio, each spectral compo�
nent reflects with amplitude R(k0x + q)A0(q) and wave
vector (kx, –kz). Let us now assume that at ξ  1,
expansion (1 + ξ)1/2 ≈ 1 + ξ/2 – ξ2/8 is true. The

z�projection is then kz ≈ k0z – q  – q2/(2k0 ).
Finally, we obtain the following expression for the
reflected wave’s field at arbitrary point (x, z < 0): ER(x,
z) = AR(x, z; θ) , where  = (k0x, –k0z) and
random amplitude AR takes the form

. (5)
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Here, phase Φ1(x, z, q) = (x – |z| )q describes an
out�of�plane shear of the reflected beam along axis x,

while phase Φ2(z, q) = q2z/(2k0 ), quadratic by q,
describes diffractive beam spreading as distance L =
|z|/γ0 from the MS increases along the direction of
reflection .

The statistical properties of the incident field are
described by transverse SCF (or correlated function)
Γ0(x1, x2) and normalized per unit by coherence
degree γ0(x1, x2) [1]:

Γ0(x1, x2) = 〈A0(x1) (x2)〉, (6)

γ0(x1, x2) = |Γ0(x1, x2)|/[I0(x1)I0(x2)]1/2, (7)

where I0(x) = 〈|A0(x)|2〉 = Γ0(x, x) is the field intensity
at point x; chevrons denote the averaging within the
period of time, which considerably exceeds the char�
acteristic time of field fluctuation. For fully coherent
fields, function γ0(x1, x2) = 1 at any values x1 ≠ x2.
However, in the general case for partially coherent
fields, 0 < γ0(x1, x2) < 1.

Using (2)–(4), the total energy W0 coursing
through the cross section of the incident beam can be
represented as

, (8)

where Γ0(q) = 〈|A0(q)|2〉 is the angular spectrum (spec�
tral density) of a random field. It follows from ratios (4)
and (6) that this is defined by inverse SCF Fourie
transformation Γ0(x1, x2) (6):

.(9)

Let us now proceed to a discussion of the influence
of the statistical characteristics (6) of radiation inci�
dent upon the SCF of reflected radiation ΓR(x1, x2; z) =

〈AR(x1, z; θ) (x2, z; θ)〉 in arbitrary plane z on the
intensity profile of reflected beam IR(x, z; θ) = ΓR(x, x; z)
at fixed angle θ, and on reflection curve PR(θ). Taking
into consideration ratio (5), the SCF of reflected field
will have the following integral form:

ΓR(x1, x2; z) 

= R*(k0x + q2)Γ0(q1, q2) (10)

× exp[iξ1q1 – iξ2q2 + i( )z/(2k0 )]dq1dq2,

where ξ1,2 = x1,2 – |z| ,

Γ0(q1, q2) 

= 〈A0(q1) (q2)〉 (11)
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It is easy to show from ratio (10) that total energy
WR(θ) coursing through the cross section of the
reflected beam is independent of distance z; this signi�
fies conservation of energy as the beam propagates
from the MS to the detector:

(12)

The curve of reflection, defined as PR(θ) =
WR(θ)/W0, is proportional to convolution (12) of
curve of reflection |R(k0x + q)|2, calculated for a coher�
ent plane wave, with function of spectral density Γ0(q).
Angular spectrum Γ0(q) of the incident radiation can
be interpreted as an instrument function, as is often
done when comparing theory to experiment.

It should be emphasized that the statistical charac�
teristics of incident radiation are integrally incorpo�
rated into curve of reflection (12) and are defined
mainly by width Δq0 of function Γ0(q). At the same
time, width Δq0 depends on such parameters as the
size of the incident beam, the regular field phase, the
LSC, and the shape of the SCF (see (21) below and
[3]). One and the same value Δq0 can be found for dif�
ferent sets of these parameters, which is why they can�
not be defined from the measured curve of reflection.
Moreover, the curve of reflection does not at all
depend on the statistical characteristics of the
reflected beam. In contrast to this, SCF (10) and the
profile of the intensity of reflected beam IR(x, z; θ) are
more sensitive to the parameters listed above. This can
be seen clearly, e.g., upon registration of the phase�
contrast images of objects placed in the reflected beam
[3, 7, 9].

RESULTS AND DISCUSSION

General ratios (9)–(12) are significantly simplified
in the widely used simple special case, in which the
incident radiation is random plane wave E0(x') =
A0(x')exp(ik0z') whose intensity I0 = 〈|A0(x')|2〉 does not
depend on coordinate x' = xγ0 in the wave cross sec�
tion. Since such a wave is statistically homogeneous,

its SCF Γ0(ρ) = 〈A0(x) (x + ρ)〉 must depend only on
difference ρ between the points. The spectral ampli�
tudes A0(q) must therefore be δ�correlated [1], i.e.,
Γ0(q, q') = Γ0(q)δ(q – q'). SCF Γ0(ρ) (6) and spectral
density Γ0(q) (9) of such a wave will then take the fol�
lowing form:

, (13)
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. (14)

Substituing Γ0(q, q') into (10), we get the following
ratio for the SCF of the reflected random plane wave,
which is of course independent of x and z:

. (15)

If, e.g., the SCF of the incident wave is (13) in
plane z = 0 has the form of a Gaussian function (i.e.,
Γ0(ρ) = exp[–(ργ0/ρ0)

2], where ρ0 is the spatial coher�
ence length), the spectral density has a Gaussian form
as well:

Γ0(q) = (1/Δq0π
1/2)exp[–(q/Δq0)

2], (16)

where Δq0 = 2γ0/ρ0 is the width of the angular spec�
trum. Here and below, the well�known tabulated
(”optical”) integral is used in our calculations:

, (17)

where a and b are any complex values.
New now let a random Gaussian beam fall on the

MS with amplitude

A0(x') = exp[–(x'/r0)
2(1 – iα0) + iϕ(x')], (18)

where r0 is the transverse beam size; x' is the transverse
coordinate; α0 is the parameter of the regular (qua�
dratic by x') phase describing in approximation the
quazioptically parabolic bend of a wave surface; and
ϕ(x') is a random phase. We also imagine that the
degree of coherence, which is the local statistical char�
acteristic of the incident field for defined points  and

 and depends only on the difference ρ' = 
(i.e., describes a type of locally homogeneous random
fields), has a Gaussian form as well:

(19)

where ρ0 is the LSC of radiation of incident beam. We
substitute (18) and (19) into (11) and obtain the fol�
lowing analytical expression for correlated function
Γ0(q1, q2) (11) in reciprocal space:

(20)

where B0 = r0/(2πγ0q0), Q1,2 = (q1,2/q0)
2(1 + iα0),

q0 = k0Δθ0γ0 is the width of spectral density function
Γ0(q, q) = B0exp[–2(q/q0)

2]. The width of angular
spectrum Δθ0 depends on the size of incident beam r0,
the parameter of regular phase α0, and the relation of
beam size r0 to LSC ρ0 (see also [3]):

Δθ0 = (λ/πr0)[1 + α0
2 + 2(r0/ρ0)

2]1/2. (21)
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The value qC = q0(ρ0/r0) in (20) defines the correla�
tion rate of various spectral components of the field. It
is easy to show that in the range of a very wide beam (at

r0 → ∞), the width is q0 → Δq0 where, as in (16),

Δq0 = 2γ0/ρ0 and value qC → 2 γ0/r0 → 0. Finally,
taking into account the well�known representation for
δ�function δ(x) = (1/π1/2ξ)exp[–(x/ξ)2] at ξ → 0, we
find that ratio (20) for the beam transforms into Γ0(q1,
q2) = Γ0(q1)δ(q1 – q2) for the random plane wave,
where Γ0(q1) coincides with (16).

To get a simple analytical expression for SCF (10),
we write the amplitude coefficient of Bragg reflection
from the MS as R(q) = R0exp[–(q/qB)2], where qB =
k0ΔθBγ0 and ΔθB is the angular width of the curve of
diffractive reflection (CDR). We then find from (10)
and (17) that the regular amplitude of the reflected
wave is also Gaussian:

AR(x, z) = ARexp[–(ξγ0/r1)
2(1 – iα1)], (22)

where r1(z) = r0(μBβ1/β0)
1/2 is the transverse dimen�

sion of the reflected beam and the parameter μB = 1 +
(Δθ0/ΔθB)2 is defined by the ratio of the width of angu�
lar spectrum of incident radiation (21) to the width of

CDR. Here, β0 = 1 +  + 2(r0/ρ0)
2; β1(z) = 1 + +

2(r0/ρ0)
2/μB; α1(z) = (α0 + β0D)/μB is the parameter

of the regular phase of the reflected field; D =

λ|z|/(π γ0) is a wave parameter describing the diffrac�
tive spreading of the reflected beam as distance |z|/γ0

increases, and amplitude AR = R0(β0/β1 )1/4. Corre�
lation coefficient (7) of the reflected beam is also
Gaussian, γR(ρ) = exp[–(ρ/ρ1)

2], where LSC ρ1(z) =
ρ0μB(β1/β0)

1/2.

Let us discuss the change of LSC in reflected beam
ρ1, as compared to ρ0 in dependence on ratio Δθ0/ΔθB.
If Δθ0  ΔθB, ρ1/ρ0 = r1/r0 = S1/2, where S = (1 +

2
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Fig. 1. Curve of diffractive reflection (1) and spectral den�
sities γ0(qz) for plane random waves with LSCs ρ0 = 0.1 µm
(2) and ρ0 = 0.02 µm (3). Radiation CuK
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α0D)2 + D2 + 2DW, W = λ|z|/(π γ0) (see also [3]).
Beam spreading can be ignored if |z|/γ0  LF, where

LF = (π /λ)[1 + 2(r0/ρ0)2]−1/2. If, e.g., r0 = 30 μm,
ρ0 = 1 μm, and λ ≈ 0.1 nm, LF ≈ 70 cm. In the other
extreme case of a strongly divergent beam (at Δθ0 

ΔθB), the value μB  1 and ratio ρ1/ρ0 ≈ μB/ . If a
practically noncoherent beam with ρ0  r0 falls on the
MS, ρ1 ≈ ρ0(Δθ0/ΔθB); i.e., the LSC of the field of the
reflected beam increases significantly in comparison
with ρ0. In the case α0  r0/ρ0 the value r1(0) ≈ r0 and
LF ≈ (r0ρ0/λ)(Δθ0/ΔθB).

We now examine the change in SCF shape (15) and
LSC when a random plane wave with SCF Γ0(ρ') =
exp[–(ρ'/ρ0)

2] is reflected from the MS. Figure 1
shows ideal plane wave CDR PR = |R(k0z + qz)|

2 in the
area of the first Bragg maximum θ = θB and normal�
ized spectral densities γ0(qz) = Γ0(qz)/Γ0(0) at two dif�
ferent values for the LSC of incident radiation ρ0.
More conventional argument qz is connected with x�
projection q in (15) and (16) by ratio qz = –q .
CDR was calculated by means of Parratt formulas
[17], taking as an example MS W(0.1 nm)/C(0.3 nm)
consisting of 40 periods and lying on a silicon sub�
strate. Figure 1 demonstrates that in the case of weakly
coherent radiation, only part of the wide angular spec�
trum (curve 3) can effectively reflect from the MS in
angular interval ≤ 2ΔθB.

The results from calculating SCF of reflected radi�
ation (15) are shown in Fig. 2. In the case of incident
radiation with rather large LSC ρ0, the shape of the
SCF and LSC of reflected radiation are practically
identical, except for the appearance of wide tails
(Fig. 2a). Upon the Bragg reflection of radiation with
relatively small LSC ρ0, the integral length of the
reflected wave’s spatial coherency increases by a factor
of 5 (Fig. 2b). It is more important here, however, that
the shape of correlation function changes consider�
ably; i.e., rather extensive oscillating wings appear
(curve 2 in Fig. 2b). This clearly should be taken into
consideration when using radiation reflected from an
MS as the incident radiation on research subjects or
other elements of X�ray optics (e.g., slits, multilay�
ered mirrors, and crystals).

INFLUENCE OF THE SLIT 
ON THE SCF OF TRANSMITTED RADIATION 

The model of partially coherent radiation with a
degree of coherence in the form of Gaussian function
γ0(ρ) = exp[–(ρ/ρ0)2] is the one most common and
is widely used in statistical optics [1] and the theory
of X�ray image formation [2, 3, 9, 10, 15]. It is shown
in this section that the slit limiting the beam (a man�
datory part of all X�ray experiments) leads to local sta�
tistical inhomogeneity of the transmitted radiation,
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i.e., to the dependence of coherence degree γ(x, x + ρ;
z) on the coordinate of point x in plane z. These and
other such matters are of interest when using synchro�
tron radiation sources, in which the distances between
optical elements are measured in meters and tens of
meters.

Let a plane random wave with amplitude A0(x),
intensity 〈|A0(x)|2〉 = 1 and SCF γ0(ρ) fall on a slit with
function of transmission S(x) = 1 at |x| ≤ r0 and S(x) = 0
at |x| > r0, where 2r0 is the overall slit width. The ampli�
tude of the field in plane z is defined by Fresnel–
Kirchhoff integral [16]

, (23)

where G(x – ξ) = (iλz)−1/2exp[iπ(x – ξ)2/λz] is the
Green function (free space propagator). Substituting
(23) into (6) leads to the following expression for the
SCF of radiation transmitted through the slit:

(24)

Coherence degree γ(x, x + ρ; z) is defined by ratio (7).
If ρ0  r0, transmitted field (23) may be considered
completely coherent.

Figure 3 presents images of slit I(x) = Γ(x, x; z) at
various lengths of spatial coherence ρ0. We can see that
a reduction of ρ0 leads to a smoothing and broadening
of the image. Figure 4 shows that coherence degree
γ(x, x + ρ; z) of the radiation transmitted through the
slit changes considerably in comparison with initial
Gaussian function γ0(ρ). Side oscillations (curves 1)
appear in the central part of transmitted beam (x ≈ 0).
As we approach the edges of the slit (|x| ∼ r0, curves 2, 3),
functions γ(x, x + ρ; z) broaden, their shapes
approaching the Lorentz function in the case ρ0  r0

(Fig. 4b), and become sharply assymetric in the case
ρ0 ≤ r0 (Fig. 4a). Integral LSCs considerably exceed
initial length ρ0. A similar effect was predicted in [3] in
the case of the Bragg reflection of a Gaussian beam
from a crystal (see also paper [14] on experimental
determination of the Lorentz form for the degree of
coherence of undulator radiation transmitted through
slits with various widths).

ACKNOWLEDGEMENTS

The author is grateful to I.V. Kozhevnikov for his
useful discussions on various topics of X�ray optics.
This work was supported by the Russian Foundation
for Basic Research (grants no. 07�02�00324 and 09�
02�01293) and ISTS (project no. 3124).

REFERENCES

1. Akhmanov, S.A., D’yakov, Yu.E., and Chirkin, A.S.,
Vvedenie v staticheskuyu radiofiziku i optiku (Introduc�
tion into Statistical Radiophysics and Optics), Mos�
cow: Nauka, 1981.

2. Cerbino, R., Phys. Rev. A, 2007, vol. 75, no. 5,
p. 053815.

3. Bushuev, V.A., Izv. Akad. Nauk, Ser. Fiz., 2009, vol. 73,
no. 1, p. 56 [Bull. Russian Acad. Sci.: Phys. (Engl.
Transl.), 2009, vol. 73, no. 1, p. 52].

4. Snigirev, A., Snigireva, I., Kohn, V., et al., Rev. Sci.
Instrum., 1995, vol. 66, no. 12, p. 5486.

5. Cloetens, P., Barrett, R., Baruchel, J., et al., J. Phys. D,
1996, vol. 29, no. 1, p. 133.

6. Wilkins, S.W., Gureyev, T.E., Gao, D., et al., Nature,
1996, vol. 384, no. 11, p. 335.

7. Kohn, V., Snigireva, I., and Snigirev, A., Phys. Rev.
Lett., 2000, vol. 85, no. 13, p. 2745.

8. Miao, J., Charalambous, P., Kirz, J., and Sayre, D.,
Nature (London), 1999, vol. 400, no. 3, p. 342.

9. Vartanyants, I.A. and Robinson, I.K., Optics Commun.,
2003, vol. 222, nos. 1–6, p. 29.

10. Guigay, J.�P., Zabler, S., Cloents, P., et al., J. Synchro�
tron Rad., 2004, vol. 11, no. 3, p. 476.

11. Singer, A., Vartanyants, I.A., Kuhlmann, M., et al.,
Phys. Rev. Lett., 2008, vol. 101, no. 25, p. 254801.

12. Mancuso, A.P., Schropp, A., Reime, B., et al., Phys.
Rev. Lett., 2009, vol. 102, no. 3, p. 035502.

13. Paterson, D., Allman, B.E., McMahon, P.J., et al., Opt.
Commun., 2001, vol. 195, no. 1, p. 79.

14. Lin, J.J.A., Paterson, D., Peele, A.G., et al., Phys. Rev.
Lett., 2003, vol. 90, no. 7, p. 074801.

15. Pfeiffer, F., Bunk, O., Schulze–Briese, C., et al., Phys.
Rev. Lett., 2005, vol. 94, no. 16, p. 164801.

16. Vinogradova, M.B., Rudenko, O.V., and
Sukhorukov, A.P., Teoriya voln (Waves Theory), Mos�
cow: Nauka, 1990.

17. Parratt, L.G., Phys. Rev., 1954, vol. 95, no. 2, p. 359.

∞

−∞

= − ξ ξ ξ ξ∫ 0( , ) ( ) ( ) ( )A x z G x A S d

0 0

0 0

*
0

( , ; )

( ) ( ) ( ) .

r r

r r

x x z

G x G x d d

− −

Γ + ρ

′ ′ ′= − ξ + ρ − ξ γ ξ − ξ ξ ξ∫ ∫

�

�



<<
  /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 /Warning
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


