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Abstract: We propose and experimentally demonstrate an optical bottle beam (BB) and
an abruptly autofocusing beam (AB), which were generated using a ring-Airy beam array.
The method can form BB arrays with varying sizes during propagation; consequently, it
can produce multiple optical traps. Additionally, the BB size and the AB focal position can
be controlled by varying the array radius. The intensity of the resulting beams improved
significantly with increasing array number, and the value abruptly increased 800 times at
the focal position when array radius and number were 2 mm and 64, respectively. It is the
lateral acceleration of Airy beams that causes this abrupt increase in intensity. Numerical
simulations were consistent with experimental results. These advantages could be beneficial
for potential applications, such as optical traps, laser ablation, and the ignition of nonlinear
effect. (The caption of Graphic Abstract is generation of high-power BBs and ABs using a
ring-Airy beam array.)

Index Terms: Beam propagation, physics optics, optical bottle beam, autofocusing beam,
self-acceleration.

1. Introduction
Optical bottle beams (BBs) are characterized by low or null intensity channels surrounded by
three-dimensional regions of higher intensity [1]. Such beams can be applied to optical tweezers
[2] for confining transparent particles as well as cells, DNA, atoms, and molecules by utilizing
gradient optical forces (or radiation pressure) [3], [4]. The so-called optical bottle was first proposed
in 1970 and used to create an optical potential well [5]. Ever since, the development of BBs
has attracted considerable attention, due to their unusual properties, which include high intensity
gradients and dark hollow areas. A variety of methods have been proposed for generating these
beams. For example, a single optical BB can be generated with Moiré techniques and used to trap
and transport aerosols [6]. The superposition of Bessel beams has been utilized to generate an
array of BBs using a specially-designed diffractive optical element [7]. Recently, a hologram optical
bottle beam was reported which can manipulate particles along arbitrary paths [8]. In addition,
ultrafast hollow Gaussian beams were proposed using a linear and nonlinear method with only two
spiral phase plates [9].

Focusing beams have potential in a variety of applications, such as optical trapping [4], [10]
and intense light bullet generation [11], [12]. As such, the focusing performance of these beams
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is always an issue of great practical significance. Efremidis et al. proposed and demonstrated an
abruptly autofocusing beam (AB) using a radially symmetric Airy intensity distribution [13], [14].
The intensity of these beams undergoes an abrupt increase near the focal point. This abrupt
autofocusing property and lack of additional lenses imply ABs are especially suitable for biomedical
treatment or laser ablation. Such focal spots can only be produced by dynamically tailoring vector
Bessel-Gaussian beams through their beam parameters [15], this method can also generate optical
BBs. An autofocusing beam was recently produced with periodic lattices [16]. Conical circular Airy
beams with significantly reduced focal lengths have also been investigated [17]. Metasurfaces have
been utilized to generate autofocusing beams without the need for Fourier transforms [18]. More
recently, a circular Airy beam was made to exhibit a dual abrupt focus by imposing a quadratic
phase on its spectrum [19].

Airy beams were first observed by Siviloglou et al. in 2007 [20] and have generated substantial
research interest due to their self-accelerating properties [21]. They have advanced rapidly for
applications to light bullets [22], optical clearing [4], and plasma guiding [23]. In this study, we
generate an optical BB by employing the self-accelerating properties of Airy beams. We theoretically
develop and experimentally validate an efficient and simple method for generating high-power and
controllable optical BBs, as well as ABs, using ring-Airy beam array. The BB size and AB focal
position can be readily controlled by varying the array radius, and this property may allow for
more freedom in the manipulation of a cell or particle. This method can form BB arrays of varying
sizes during propagation and can consequently generate multiple optical traps. Additionally, the
intensity of such beams improves dramatically with increasing array number. These advantages will
be beneficial for potential applications, such as optical trapping, laser ablation, and the ignition of
nonlinear effects.

2. Theory
To demonstrate the propagation behavior of optical BBs and ABs, we first consider the paraxial
diffraction equation which governs the propagation dynamics of the electric field envelope φ [20]:

i
∂φ

∂z
+ 1

2k
∂2φ

∂x2
= 0. (1)

Here, x represents the one-dimensional transverse coordinate, z is the propagation distance, and
k = 2π/λ is the wavenumber. Equation (1) has a finite-energy Airy solution obtained by introducing
an exponentially decaying factor exp(as) [20]:

φ(x, z) = A i [x − (z/2)2 + i az]exp[ax − (az2/2) − i (z3/12) + i (a2z/2) + i (xz/2)). (2)

In this expression, A i (·) denotes an Airy function and a is a small positive quantity which can
suppress the infinite Airy tail, ensuring the physical realization of Airy beams. The main lobe of the
Airy beam follows a parabolic trajectory in the x–z plane, which is represented by the term x − (z/2)2

in (2). Fig. 1(a) depicts the accelerating propagation as a function of the distance z.
Fig. 1(b) demonstrates the use of a ring-Airy beam array for generating BBs. In this configuration,

multiple Airy beams are evenly- distributed in a circle in the x-y plane. Consequently, their main
lobes form an obvious energy circle which results in an optical bottle beam. In the figure, r denotes
the radius of the energy circle (or array radius), and it also represents the distance of main lobe
of Airy beam away from optical axis. d indicates the width of the main lobe. Such arranged Airy
beams move towards the center because they propagate along parabolic paths and will thus
generate a downsized BB. Finally, these main lobes simultaneously converge at a point and form
an autofocusing beam. The initial BB generated by a ring-Airy beam array is given by:

φn (x, y, z = 0) =
n∑

i=1

φi (r , θi , z = 0), (3)
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Fig. 1. (a) Propagation dynamics for a finite-energy Airy packet when a = 0.01. (b) Generation principles
for an optical bottle beam.

Fig. 2. The optical bottle beam and autofocusing beam. (a) The numerical side-view. (b) The normalized
intensity. (c1)–(c3) Numerical intensity distributions at propagation distances of z = 0, 1.8, and 3.3 mm,
respectively, here the array number n = 32.

where φn is the initial BB optical field and n is the number of Airy beams (array number), φi denotes
the i th Airy beam, and θi is the polar angle of the i th Airy beam. Here r cos θi = x i and r sin θi = y i ,
where (x i , y i ) is the location coordinate of the i th Airy beam in the x − y plane. Under the paraxial
approximation, the BB propagation obeys the Fresnel diffraction:

φn (x, y, z) = exp(i kz)
iλz

∫∫
φn (x0, y0, 0) exp

[
i k(x − x0)2 + (y − y0)2

2z

]
dx0dy0, (4)

where φn (x0, y0, 0) is the initial optical bottle beam. Fig. 2 displays the BB propagation dynamics for
the case of n = 32. Fig. 2(a) and (b) demonstrate a numerical side-view and normalized intensity
as a function of propagation distance, respectively. It is evident the Airy beams follow parabolic
trajectories and converge to the same point, where intensity rapidly increases by a factor of 200
[Fig. 2(b)]. This abrupt increase in intensity is caused by lateral acceleration. Fig. 2(c1)–(c3) present
numerical intensity distributions at propagation distances of z = 0, 1.8, and 3.3 mm, respectively.
The Airy beam arrays generate a hollow core [Fig. 2(c1)], which is surrounded by a high-intensity
Airy-ring (main ring). Several subsequent Airy-rings are visible in the peripheral in simulations. The
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Fig. 3. Experimental setup.

Fig. 4. The optical bottle beam and autofocusing beam. (a) The hologram. (b) The numerical side-view.
(c1)–(c3) The 2D BB and AB. (d1)–(d3) Numerical intensity distributions for propagation distances of
z = 0,1.8, and 3.3 mm, respectively. (e1)–(e3) The corresponding experimental results.
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Fig. 5. A comparison of the normalized intensity profiles at z = 0, 1.8, and 3.3 mm. (a1)–(a3) n = 16,
(b1)–(b3) n = 32, (c1)–(c3) n = 64. The insets display corresponding intensity distributions.

Fig. 6. An optical bottle array for varying propagation distance: (a1) z = 0, (a2) z = 0.4, (a3) z = 0.8,
(a4) z = 1.2, and (a5) z = 1.6 mm, respectively. The array number n = 64 in each image.

Fig. 7. A numerical side-view, (a1) r = 4 mm, and (a2) 8 mm. The images in (b1)–(b2) show corre-
sponding intensity distributions in the initial plane for n = 32.
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BB evolves into a focal point after propagating a distance of z = 3.3 mm. After this focal point,
the maximum intensity gradually decreases. However, the decline is not monotonic but shows
oscillations, as seen in Fig. 1(a). This phenomenon results from the interaction between the main
Airy-ring and subsequent Airy-rings. The simulation assumed values of r = 2 mm, d = 1 mm, and
λ = 632.8 × 10−6 mm.

3. Experimental Results
The optical BBs can also be generated by a phase-only reflecting spatial light modulator (SLM),
as demonstrated in Fig. 3. The configuration is similar to that of previous studies [24]. The input
He-Ne laser (632 nm) is employed to generate a collimated and expanded Gaussian beam with
an 8.6 mm full-width-at-half-maximum (FWHM). The Gaussian beam is reflected by a computer-
controlled SLM (resolution, 1920 × 1080 pixels; pixel size, 8 μm; Holoeye Pluto, HOLOEYE), which
is imposed by a computer-generated hologram. And then, the phase-modulated and reflected beam
undergo a Fourier transform through use of a Fourier lens with a focal length of f ′ = 300 mm. A
BB can eventually be generated in the back focal plane of the Fourier lens, where the CCD can be
moved along the optical axis to acquire snapshot images of the intensity profile. The SLM is located
in the front focal plane of the Fourier lens.

Experimental parameters included an array number of n = 64 and other values similar to those
of Fig. 2. Fig. 4(a) demonstrates the computer-generated hologram coded onto the SLM, which
is the intensity interference pattern formed by Airy beam arrays and the plane wave. A numerical
side-view of the BB is depicted in Fig. 4(b). Fig. 4(c1)–(c3) demonstrate a 2D high-power BB and
an AB. Note the initial intensity is approximately 150 times larger than a single Airy beam due to
multiple main lobes superposition. Subsequently, the BB tended to automatically focus without any
auxiliary components or equipment. This results in an increase of as much as 800 times in the
focal plane, with a focal spot diameter of approximately 100 μm. Due to the abrupt increase in
intensity, the property would be beneficial for the ignition of nonlinear effects [12] and laser ablation
[14]. Fig. 4(d1)–(d3) depict numerical intensity distributions at propagation distances of z = 0, 1.8,
and 3.3 mm, respectively. The corresponding experimental results are shown in Fig. 4(e1)–(e3),
respectively. These results are in good agreement with numerical simulations. Note that some of
the peripheral Airy-rings disappear in the experimental beam, and the effect was caused by the
use of a low-level laser. The optical conversion efficiency mainly depends on reflectivity and the
diffraction loss caused by the pixel structure of SLM. The conversion efficiency is approximately
90% in our system.

Fig. 5 depicts a comparisons of normalized intensity profiles at distances of z = 0, 1.8, and
3.3 mm, for cases of n = 16, 32, and 64 in the first, second, and third lines of the figure, respectively.
The inset images provide corresponding intensity distributions in x-y plane. As can be seen in
Fig. 5(a1)–(c1), the high-power BB intensity improves significantly with an increasing array number.
The normalized intensity was as much as 8 times larger than that of a single Airy beam when
n = 16. However, this value increases to 150 times when n = 64 [see Fig. 5(c1)]. The intensity
abruptly increases 800x after propagating a distance of z = 3.3 mm [see Fig. 5(c3)]. There is
an approximately null intensity region in the center of the initial intensity profile, surrounded by a
high-intensity region. Such an optical field structure allows these beams to trap macroparticles.

The center region intensity remains null and invariable in the early propagation stages. However,
the size of hollow core decreases during propagation. Consequently, optical bottle beam arrays are
formed, as demonstrated in Fig. 6. This process clearly describes the evolution of optical BB arrays
along the propagation direction. In contrast to traditional single optical bottle beams, optical bottle
arrays simultaneously provide multiple trapping and manipulation.

In addition, we can readily control the BB size and focal position by varying the size of the
array radius r . A larger value of r results in a longer focal length. Fig. 7(a1) and (a2) exhibit a
controllable focal length in the case of n = 32, r = 4 mm and 8 mm, respectively. The focal length
is approximately 6 mm when r = 8 mm mm. However, it is only 3.3 mm when r = 2 mm, as shown
in Fig. 2(a). This also leads to a larger BB as depicted in Fig. 7(b1) and (b2), which correspond to
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Fig. 7(a1) and (a2), respectively. This property may allow for more freedom in the manipulation of
a cell or particle.

4. Conclusion
In summary, we have proposed and experimentally demonstrated an efficient method for generating
high-power and controllable optical bottle beams, as well as autofocusing beams, by employing the
self-accelerating properties of Airy beams. The BB size and focal length can be readily controlled
by varying the array radius, this property would be beneficial for flexible optical manipulation. This
method can also generate different sizes of BB arrays and form multiple optical traps. Furthermore,
the intensity of such beams improves dramatically with increasing array number. These properties
could be advantageous in a variety of medical applications or for the development of improved
optical tweezers.
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Opt. Lett., vol. 36, no. 8, pp. 1491–1493, Apr. 2011.
[7] A. P. Porfirev and R. V. Skidanov, “Generation of an array of optical bottle beams using a superposition of Bessel

beams,” Appl. Opt., vol. 52, no. 25, pp. 6230–6238, Sep. 2013.
[8] C. Alpmann, M. Esseling, P. Rose, and C. Denz, “Holographic optical bottle beams,” Appl. Phys. Lett., vol. 100, no. 11,

Mar. 2012, Art. no. 111101.
[9] N. A. Chaitanya, A. Chaitanya, J. Banerji, and G. K. Samanta, “High power, higher order ultrafast hollow Gaussian

beams,” Appl. Phys. Lett., vol. 110, no. 21, May 2017, Art. no. 211103.
[10] H. Cheng, W. Zang, W. Zhou, and J. Tian, “Analysis of optical trapping and propulsion of Rayleigh particles using Airy

beam,” Opt. Exp., vol. 18, no. 19, pp. 20384–20394, Sep. 2010.
[11] D. Abdollahpour, S. Suntsov, D. G. Papazoglou, and S. Tzortzakis, “Spatiotemporal airy light bullets in the linear and

nonlinear regimes,” Phys. Rev. Lett., vol. 105, no. 25, Dec. 2010, Art. no. 253901.
[12] P. Panagiotopoulos, D. G. Papazoglou, A. Couairon, and S. Tzortzakis, “Sharply autofocused ring-Airy beams trans-

forming into non-linear intense light bullets,” Nature Commun., vol. 4, no. 4, Oct. 2013, Art. no. 2622.
[13] N. K. Efremidis and D. N. Christodoulides, “Abruptly autofocusing waves,” Opt. Lett., vol. 35, no. 23, pp. 4045–4047,

Dec. 2010.
[14] D. G. Papazoglou, N. K. Efremidis, D. N. Christodoulides, and S. Tzortzakis, “Observation of abruptly autofocusing

waves,” Opt. Lett., vol. 36, no. 10, pp. 1842–1844, May 2011.
[15] H. Ye et al., “Intrinsically shaping the focal behavior with multi-ring Bessel-Gaussian beam,” Appl. Phys. Lett., vol. 111,

no. 3, Jul. 2017, Art. no. 031103.
[16] P. Panagiotopoulos, D. G. Papazoglou, A. Couairon, and S. Tzortzakis, “Controlling high-power autofocusing waves

with periodic lattices,” Opt. Lett., vol. 39, no. 16, pp. 4958–4961, Aug. 2014.
[17] J. Zhang, Y. Li, Z. Tian, and D. Lei, “Controllable autofocusing properties of conical circular Airy beams,” Opt.Commun.,

vol. 391, pp. 116–120, Jan. 2017.
[18] Q. Fan, D. Wang, P. Huo, T. Xu, Y. Liang, and Z. Zhang, “Autofocusing Airy beams generated by all-dielectric metasurface

for visible light,” Opt. Exp., vol. 25, no. 8, pp. 9285–9294, Apr. 2017.
[19] J. Zhang and J. He, “Dual abruptly focus of modulated circular Airy beams,” IEEE Photon. J., vol. 9, no. 1, Feb. 2017,

Art. no. 6500510.
[20] G. A. Siviloglou, J. Broky, A. Dogariu, and D. N. Christodoulides, “Observation of accelerating Airy beams,” Phys. Rev.

Lett., vol. 99, no. 21, Nov. 2007, Art. no. 213901.
[21] G. A. Siviloglou, J. Broky, A. Dogariu, and D. N. Christodoulides, “Ballistic dynamics of Airy beams,” Opt. Lett., vol. 33,

no. 3, pp. 207–209, Feb. 2008.
[22] A. Chong, W. H. Renninger, D. N. Christodoulides, and F. W. Wise, “Airy-Bessel wave packets as versatile linear light

bullets,” Nature Photon., vol. 4, no. 2, pp. 103–106, Jan. 2010.
[23] P. Polynkin, M. Kolesik, J. V. Moloney, G. A. Siviloglou, and D. N. Christodoulides, “Curved plasma channel generation

using ultraintense Airy beams,” Science, vol. 324, no. 5924, pp. 229–232, Apr. 2009.
[24] Y. Qian and S. Zhang, “Quasi-Airy beams along tunable propagation trajectories and directions,” Opt. Exp., vol. 24,

no. 9, pp. 9489–9500, Apr. 2016.

Vol. 10, No. 1, February 2018 6500607



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


