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Abstract: Acoustoplasmonic resonators, such as nanobars

and crosses, are efficient acousto-optical transducers. The

excitation of mechanical modes in these structures strongly

depends on the spatial profile of the eigenmodes of the

resonator. Using a system of two identical gold elongated

bars placed on a silicon dioxide substrate, we examine how

breaking mirror symmetries affects the optical and acous-

tic properties to provide insights in the design of acousto-

plasmonic metasurfaces for nonsymmetric acousto-optical

transducers. Our findings show that the absence of mirror

symmetries affects differently the optical and nanomechan-

ical response. Broken mirror symmetries not only couple

nanomechanicalmodes existing in single bars but introduce

new torsional resonant modes.

Keywords: optics; nanoacustics; transducers; torsional

modes; symmetry breaking

1 Introduction

Symmetries are paramount to understand the physical

properties of a given system [1]. These symmetries span

to all magnitudes, as they impose restrictions, e.g., time

reversal invariancemakes the scatteringmatrix symmetric,

or the absence of absorption makes it unitary. Others are
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“simply” related to the geometrical aspects of the nanos-

tructures. In many cases, the physics is determined by the

presence of symmetries; in many others, the interest lies in

breaking them. A beautiful example is provided by chiral

systems [2]–[4].

In optics, simple geometries, when brought into close

contact, might reveal scattering processes that are highly

nontrivial due to the break of symmetry, e.g., chiral behavior

of nonchiral interacting elements [5], [6].

In nanoacoustics [7], most of the reported results are

based on simple structures ormetasurfaces,whichpresent a

high degree of spatial symmetry. For example, bars, crosses,

arrays, micropillars, andmicrodisks all presentmirror sym-

metry planes [8]–[13]. Even the engineering of more com-

plex devices, such as directional acoustic nanoantennas,

presents these symmetry planes [9], [14].

It is expected that breaking these symmetry planes

would open a plethora of different phenomena to tai-

lor the fundamental modes in nanoacoustic resonators.

For example, two concatenated superlattices presenting

inverted symmetries [15] give rise to a topologically

protected nanoacoustic mode. However, despite recent

efforts [6], how broken symmetries enable nanoacous-

tic modes in three-dimensional nanostructures remain an

open question.

In this work, we make use of numerical simulations

to theoretically explore the idea of breaking spatial sym-

metries to engineer new nanoacoustic modes. Through a

simple geometry, consisting of two identical coplanar elon-

gated Au bars, we develop a comprehensive toolbox for

the design of acoustoplasmonic metasurfaces for nonsym-

metric hypersound transducers. To that end, we analyze

separately the optical and mechanical behavior. First, we

consider the optical response to establish the coupling char-

acteristics of the system and how symmetries are lifted.

Afterward, we study the nanoacoustic resonances to unveil

the phonon dynamics in the case of systems with no plane-

mirror symmetries. Then, wemake analogies whenever the

physical picture is similar in both systems and point out the

main discrepancy points.
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2 Description of the system

and methodology

The system under study consists of two gold bars with

dimensions L = 100 nm ×W = 30 nm × H = 30 nm (length

× width × height, as the one depicted in Figure 1(a)). To

analyze the effects of symmetries, we explore the interac-

tions of two coplanar bars attached to a SiO2 substrate when

they are separated S = 20 nm along the long-axis direction,

Figure 1(b), or short-axis direction, Figure 1(c). These two

structures present clear mirror symmetries with respect to

the planes depicted as doted-dashed lines in Figure 1(b) and

(c). A simple displacement D
y
along the long axis (short

axis) for the bars aligned along the short axis (long axis)

will break the mirror symmetry, leaving only a rotational

symmetry of 180◦, also known as C2-symmetry.

The Lumerical® software suite has been utilized to

address the scattering and absorption cross sections. The

computational solutions are based on the Finite Difference

Figure 1: The basic system under study in this work consists on a Au bar

(a) with dimensions L ×W × H = 100 × 30 × 30 nm3. The interaction of

two parallel coplanar bars on a silicon oxide, SiO2, substrate is studied

when they are spaced S = 20 nm along the long-axis direction (b)

or the short-axis direction (c and d). Additionally, a displacement

Dy = 75 nm along the long-axis direction is shown in (d), which breaks

the mirror-symmetry of the system. A dark-orange illumination around

the heated bar represents an initial 5K thermal excitation.

Time Domain (FDTD) method, with the dispersive optical

constants for gold referenced in Ref. [16]. A linearly polar-

ized plane wave – incident along either the long or short

axis of the nanostructure – with a uniformamplitude across

the entire simulation cell has been employed. The sim-

ulation cell dimensions (6 μm × 6 μm × 10 μm) were cho-
sen to ensure that perfectly absorbing boundary condi-

tions exert a negligible influence on the resultant electro-

magnetic fields. A highly refined mesh has been imple-

mented within the nanostructures and the proximal near-

field region (2.2 μm × 2.2 μm × 3.7 μm) with spatial reso-

lutions of 1 nm × 1 nm × 1 nm (dx–dy–dz, respectively),

which continuously expands to a maximum size of 10 nm

as the distance from the near-field region increases toward

the simulation boundaries, thus ensuring numerical con-

vergence to the highest possible accuracy.

The Finite Element Method (FEM) in COMSOL®

(Structural Mechanics Module) offers an effective frame-

work to simulate the elastic response resulting from the

isotropic thermal expansion in a metallic nanostructure

[14]. The FEM simulation utilizes material parameters from

COMSOL®’s materials library. The nanobars are meshed

with a maximum element size of 5 nm. The SiO2 substrate is

a 1,600 nm diameter semi-spherical region, surrounded by

nonreflective domains (PerfectlyMatched Layers, PML) that

truncate the physical domain. The substrate is attached to

the nanobars and oscillates upon the excitation of the bars,

causing the mutual interactions between the nanobars (see

Supplementary Material for details). To adequately repre-

sent the acoustic interactions between bars, a 300 nm diam-

eter semi-spherical region of the substrate beneath the gold

bars is meshed with a minimum element size of 4 nm and a

maximum element size of 50 nm.

The thermoelastic excitation of phonons that would be

produced by photon absorption is simulated by raising the

temperature of a nanobar by a 5K initial thermal excitation,

which is depicted by a dark-orange illumination around the

heated bar in Figure 1. The center of mass of each system,

whether a single bar or double bars, is positioned at the

origin of the coordinates. In studies involving two coupled

bars, the geometric arrangement is designed to permit inter-

actions (such asmultiplewave scattering), in the optical and

acoustical descriptions.Wewould like to emphasize that the

optical and mechanical studies are carried out separately.

In order to allow counter-phase oscillations of the coupled

bars, thermal excitation is applied only to one of the bars.

Phonon detection is modeled by computing the integral of

the root mean square (RMS) of the displacement on the two

bars.
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3 Results

3.1 Optical response

The optical properties of metallic bars or nanoantennae

have been the subject of extensive research during the past

decades. Recently, studies have focused on systems where

two or more bars interact, leading to new optical phenom-

ena [6], [17], [18]. Despite the vast literature on plasmonics

in interacting bars [6], [17], [19]–[21], let us briefly describe

the optical response of the structures depicted in Figure 1.

In Figure 2, we present the scattering cross section as a

function of thewavelength of the incident light for the struc-

tures depicted in Figure 1 with D
y
= 75 nm. In Figure 2(a),

we present the results when the incident light is polarized

along the short axis of the bars, and in Figure 2(b), when

the polarization is along the long axis. The spectral location

of the plasmon resonance for a single bar (or nanoparticle)

is known to depend on the size of the bar aligned with the

polarization direction, bigger size leads to longer resonance

wavelength. That is nicely shown by the black line, which

presents a resonance at ca. 550 nm for the polarization

aligned along the shot axis and at ca. 750 nm when aligned

along the long axis. This could be understood as one particle

with an electric dipolar polarization with two resonances

one for each principal axis. When two resonant particles

are in interacting distance this picture is modified, and

resemblingmolecular coupling, or coupled classical springs,

the two resonances give rise to a coupled system whose

resonances essentially depend on the separation [19], [22]. In

our case, only one of the resulting hybridized resonances lie

in the visible range of the spectrum, for both polarizations

and separation distances along the short and long axis. For

the two highly symmetric cases in Figure 1(b) and (c), where

mirror symmetry is present, the interaction gives rise to red

or blue shifts of the resonances with respect to the isolated

bar (see red and blue lines in Figure 2), but the equivalent

hybridized electric dipoles would be aligned along the prin-

cipal axis. However, when the mirror symmetry is broken,

Figure 1(d), the equivalent hybridized dipoles would bemis-

aligned with respect to the principal axis of the individual

bars. That is equivalent to having a rotated dipole, and thus

both resonances would be excited for both polarizations,

along the short and long axis, but with different strengths.

This is exactly the situation displayed in Figure 2(a), where

it can be seen that the resonance along the long axis is

excited when the incident polarization is along the short

one. It must be noted that a multipolar expansion of the

induced currents in the bars shows that (see Supplemen-

tary Material), the resonance corresponding to the short

axis is also excited for polarization along the long axis, but

the intensity is so low that it can barely be appreciated in

Figure 2(b).

3.2 Nanomechanical response

In order to unveil the physics introduced by the absence

of a mirror symmetry, it is convenient to first understand

the resonances associated to the most elementary systems

presenting clear symmetry planes. When considering two
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Figure 2: Optical cross sections. (a) Scattering cross section for polarization along the short axis, depicting the single resonance at ca. 550 nm

for all the mirror-symmetric cases (with the corresponding red and blue shifts due to interactions), and the simultaneous excitation of the long-axis

resonance for the shifted case due to the broken mirror symmetry. (b) The same for polarization along the long axis. The resonance is ca. 750 nm

and the blue and red shifts are more pronounced, but the weaker short axis resonance is within the numerical noise level.
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Figure 3: Integral of the RMS displacement as a function of frequency

for the structures in Figure 1(a)–(c). The insets depict the dynamics of

the vibrational modes for the low-frequency region. Bars aligned along

the short (long) axis show a vibrational mode schematically depicted by

black arrows that correspond to a frequency peak marked with a red

(green) arrow.

nanobars, to find the allowed in-phase and counter-phase

resonances for the interacting bars [23]–[25], we thermally

excite only one of the bars (see Figure 1). We present in

Figure 3 the resonances found in the high- and in the

low-frequency regions (4–6.5 GHz -left- and 10–11.5 GHz -

right-), for the mirror-symmetric structures. In the high-

frequency region, the single bar presents only one res-

onance at 10.8 GHz corresponding to a longitudinal-like

mode. However, the resonance at high frequency splits into

twowhen the bars are aligned along the short axis: in-phase

(lower frequency) and counter-phase (higher frequency)

longitudinal modes. The alignment along the long axis leads

to a single, in-phase, resonance at the same region.

Let us now focus on the low-frequency range,where the

single bar shows no resonances. In this region, two distinct

peaks can be observed for the other symmetric alignments,

along the short and long axes, at ca. 4.6 GHz and ca. 5.7 GHz.

These peaks result from the interactions between the two

bars through the substrate. Themode is essentially the same

for both alignments, manifesting as low-frequency modes

oscillating along the coupling direction, maintaining the

appropriate mirror symmetry.

Once the systems with mirror symmetries have been

analyzed, we will consider the geometry depicted in

Figure 1(d), where the shift introduced byD
y
lifts themirror

symmetry and the only remaining one is a C2 in-plane rota-

tional symmetry. In Figure 4,we show the simulation results

for the structure with D
y
= 75 nm.
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Figure 4: Integral of the RMS displacement as a function of frequency

for the structures in Figure 1(d) for Dy = 75 nm. The peak around 4.6 GHz

(red arrow) has a similar origin as the one marked also with a red arrow

in Figure 3. Blue arrows mark torsional vibrational modes schematically

depicted in the corresponding insets and are the result of a crosstalking

of horizontal and vertical alignment of the bars. Above these two

resonances, there is another mechanical mode related to the peak

marked with a green arrow in Figure 3.

The high-frequency range presents a behavior similar

to the short-axis alignment, mirror-symmetric geometry,

but with a smaller splitting. The mechanical mode pro-

file of these two resonances is equivalent to the short-axis

alignment.

The low-frequency range presents a richer behavior.

Similarly to the optical case, this geometry exhibits the two

resonances present in the two mirror-symmetric ones, with

a small frequency shift and are signaled with a red (green)

arrow for the resonance associated to the short-axis (long-

axis) alignment. The mechanical deformation profiles of

these two resonances are equivalent to those schematically

presented in Figure 3, maintaining to a very high degree the

mirror symmetries, and there is essentially no torsion in

each of the bars. In contrast to the optical case, whenmirror

symmetries are lifted not only cross-coupling between long-

axis and short-axis modes is allowed, but extra mechan-

ical resonances at low frequencies are clearly visible at

∼5.7 GHz and ∼5.8 GHz. These new resonances display a

mechanical deformation profile different to the previous

ones. In contrast to the previous ones, the deformation is

characterized by torsion. The two bars experience a torsion

since, in both cases, the displacement of the ends of the bars

is in the direction of the short axis and in opposite direc-

tions. The two resonances, as depicted as insets in Figure 4,

correspond to in-phase and counter-phase torsional defor-

mations of each bar.
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It is important to note that the “counterphase” res-

onances at ∼11 GHz in Figure 3 and at ∼5.8 GHz and in

∼10.8 GHz Figure 4 are not allowed for a simultaneous ini-
tial thermal expansion of the two bars. The Q-factor that

these two latter resonances present, being the Q factor

defined as f∕Δ f , reveals that Q is larger for the fundamen-

tal modes appearing around 11 GHz. The exact values for

the Q-factor at the frequencies of 5.8 GHz and 10.8 GHz are

Q5.8GHz = 339 and Q10.8GHz = 602, respectively.

4 Summary and conclusion

We examined the effects of broken mirror symmetries in

the optical and nanomechanical response of acoustoplas-

monic resonators using a system composed of two identical

elongated metallic bars. Our findings show that the absence

of mirror symmetries affects differently the optical and

nanomechanical response.

The analysis of the optical resonances through the opti-

cal cross sections of mirror-symmetric and C2-symmetric

coupled bars demonstrates that broken mirror symme-

tries induces a crosstalking between the resonances of the

mirror-symmetric geometries. This is manifested by the

excitation of resonances corresponding to the long axis

when the light incidence is cross-polarized along the short

axis.

In the nanomechanical case, the situation is quite dif-

ferent. Interactions between bars produce a splitting of the

nanomechanical resonances when aligned along the short

axis. Additionally, new unconventional modes, preserving

the mirror symmetry imposed by the symmetry, appear in

the low-frequency region. Broken mirror symmetries not

only couple these nanomechanical modes but introduce

new resonant ones, whose deformation displays a distinct

torsional profile.

To conclude, we show that broken mirror symmetries

affect optical and nanomechanical resonances in a different

way. Even in simple systems, such as the one considered

here involving mirror-symmetric but interacting elements,

it is possible to excite highly nontrivial resonancesmediated

by interactions. These new nanomechanical modes present

a marked torsional deformation profile. The elastic energy

will eventually be transferred to the substrate, showing a

spatiotemporal profile directly determined by the excited

bar mode.

Research funding:We acknowledge financial support from

several founding agencies. BCLdL and AG-M acknowledge

the Spanish Ministry of Science and Innovation (MCIN),

AEI and FEDER (UE) through projects PID2022-137569NB-

C41 and TED2021-131417B-I00, and JGM acknowledges sup-

port through project PID2021-124193OB-C22. NDL-K and CX

acknowledge support from the European Research Council

Consolidator Grant No. 101045089 (T-Recs).

Author contributions: AG-M and JMG conceived the idea

and the geometry to be employed. BCLdL carried the optical

calculations thatwere discussedwith AG-M. AG-M, JMG, and

CX performed the acoustic calculations that were addition-

ally discussed with BCLdL and NDL-K. All authors partic-

ipated in the discussion and interpretation of the results.

All authors cowrote the manuscript, have read, and agreed

to the published version of the manuscript. All authors

have accepted responsibility for the entire content of this

manuscript and approved its submission.

Conflict of interest: Authors state no conflict of interest.

Data availability: All data needed to evaluate the conclu-

sions in the paper are present in the paper.

References

[1] K. Brading, E. Castellani, and N. Teh, “Symmetry and symmetry

breaking,” in The Stanford Encyclopedia of Philosophy, Fall 2023 ed

E. N. Zalta and U. Nodelman, Eds., Stanford, Metaphysics Research

Lab, Stanford University, 2023.

[2] G. Zheng, et al., “Discrete metal nanoparticles with plasmonic

chirality,” Chem. Soc. Rev., vol. 50, no. 6, pp. 3738−3754, 2021..
[3] B. Ni, et al., “Chiral seeded growth of gold nanorods into fourfold

twisted nanoparticles with plasmonic optical activity,” Adv. Mater.,

vol. 35, no. 1, p. 2208299, 2023..

[4] B. Castillo López de Larrinzar, et al., “Photonic and

nanomechanical modes in acoustoplasmonic toroidal

nanopropellers,” Nanomaterials, vol. 14, no. 15, 2024, https://doi

.org/10.3390/nano14151276.

[5] Z. Han, et al., “Recent advances in ultrathin chiral metasurfaces by

twisted stacking,” Adv. Mater., vol. 35, no. 3, 2022. https://doi.org/

10.1002/adma.202206141.

[6] B. Castillo Lopez de Larrinzar, et al., “Towards chiral acousto-

plasmonics,” Nanophotonics, vol. 12, no. 11, pp. 1957−1964, 2023..
[7] Priya, E. R. Cardozo de Oliveira, and N. D. Lanzillotti-Kimura,

“Perspectives on high- frequency nanomechanics, nanoacoustics,

and nanophononics,” Appl. Phys. Lett., vol. 122, no. 14, p. 140501,

2023..

[8] N. D. Lanzillotti-Kimura, et al., “Polarization-controlled coherent

phonon generation in acoustoplasmonic metasurfaces,” Phys. Rev.

B, vol. 97, no. 23, p. 235403, 2018..

[9] F. Della Picca, et al., “Tailored hypersound generation in single

plasmonic nanoantennas,” Nano Lett., vol. 16, no. 2,

pp. 1428−1434, 2016..
[10] K. O’Brien, et al., “Ultrafast acousto-plasmonic control and

sensing in complex nanostructures,” Nat. Commun., vol. 5, p. 4042,

2014,.

[11] O. Ortiz, et al., “Fiber-integrated microcavities for efficient

generation of coherent acoustic phonons,” Appl. Phys. Lett., vol. 117,

no. 18, p. 183102, 2020..

https://doi.org/10.3390/nano14151276
https://doi.org/10.3390/nano14151276
https://doi.org/10.1002/adma.202206141
https://doi.org/10.1002/adma.202206141


80 — B. Castillo López de Larrinzar et al.: Coupled acoustoplasmonic resonators

[12] L. Ding, et al., “High frequency gaas nano-optomechanical disk

resonator,” Phys. Rev. Lett., vol. 105, no. 26, p. 263903, 2010..

[13] D. K. Armani, et al., “Ultra-high-Q toroid microcavity on a chip,”

Nature, vol. 421, pp. 925−928, 2003,.
[14] A. Bragas, et al., “Nanomechanics with plasmonic nanoantennas:

ultrafast and local exchange between electromagnetic and

mechanical energy,” J. Opt. Soc. Am. B, vol. 40, no. 5, 2023. https://

doi.org/10.1364/josab.482384.

[15] O. Ortiz, et al., “Topological optical and phononic interface mode

by simultaneous band inversion,” Optica, vol. 8, no. 5, pp.

598−605, 2021..
[16] P. B. Johnson and R. W. Christy, “Optical constants of the noble

metals,” Phys. Rev. B, vol. 6, no. 12, p. 4370, 1972..

[17] M. Cotrufo, C. I. Osorio, and A. F. Koenderink, “Spin-dependent

emission from arrays of planar chiral nanoantennas due to lattice

and localized plasmon resonances,” ACS Nano, vol. 10, no. 3,

pp. 3389−3397, 2016..
[18] A. G. Curto, et al., “Unidirectional emission of a quantum dot

coupled to a nanoantenna,” Science, vol. 329, no. 5994,

pp. 930−933, 2010..
[19] E. Prodan, et al., “A hybridization model for the plasmon response

of complex nanostructures,” Science, vol. 302, no. 5644,

pp. 419−422, 2003..

[20] B. Wang, et al., “Chiral metamaterials: simulations and

experiments,” J. Opt. A: Pure Appl. Opt., vol. 11, no. 11, p. 114003,

2009..

[21] B. C. L. de Larrinzar, N. D. Lanzillotti-Kimura, and A. García-Martín,

“Interaction effects in chiral acoustoplasmonic nanostructures,” in

Nanophotonics X , vol. 12991, 129910B, International Society for

Optics and Photonics, SPIE, Bellingham, Washington, USA, 2024.

[22] E. Cortés, et al., “Plasmonic hot electron transport drives

nano-localized chemistry,” Nat. Commun., vol. 8, p. 14880, 2017,.

[23] J. Lermé, J. Margueritat, and A. Crut, “Vibrations of dimers of

mechanically coupled nanostructures: analytical and numerical

modeling,” J. Phys. Chem. C, vol. 125, no. 15, pp. 8339−8348,
2021..

[24] A. Girard, et al., “Acoustic mode hybridizationin a single dimer of

gold nanoparticles,” Nano Lett., vol. 18, no. 6, pp. 3800−3806,
2018..

[25] A. Crut, “Substrate-supported nano-objects with high vibrational

quality factors,” J. Appl. Phys., vol. 131, no. 24, p. 244301, 2022..

Supplementary Material: This article contains supplementary material

(https://doi.org/10.1515/nanoph-2024-0482).

https://doi.org/10.1364/josab.482384
https://doi.org/10.1364/josab.482384
https://doi.org/10.1515/nanoph-2024-0482

	1 Introduction
	2  Description of the system and methodology
	3 Results
	3.1 Optical response
	3.2 Nanomechanical response

	4 Summary and conclusion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


