
Nanophotonics 2025; 14(13): 2251–2258

Research Article

Leila Hesami, Md Golam Rabbani Chowdhury and Mikhail A. Noginov*

Anomalous dispersion in coupled surface
plasmons and excitons

https://doi.org/10.1515/nanoph-2025-0036

Received January 23, 2025; accepted May 1, 2025;

published online May 26, 2025

Abstract: We studied dispersion in Rhodamine laser dyes

in the Kretschmann geometry and found (i) multi-branch

“staircase” dispersion curves in singly doped and double

doped PMMA polymer, (ii) emergence of the new dispersion

“fork” branch, (iii) unparallel dispersion and coupling in the

mixture of two different dyes, and (iv) effect of high dye

concentration on strong coupling without metal.
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1 Introduction

Light–matter interaction is of great importance for both

fundamental science and applications, including control

of spontaneous emission [1], [2], chemiluminescence [3]

energy transfer [4]–[9], chemical reactions [10]–[13], elec-

trical resistivity [14], [15], surface potentials [16], [17], polari-

tonic lasers [18]–[20] and many others [20], [21].

Although less stable than some inorganic media, dye-

doped polymers (e.g. Rh590-PMMA, Rh610-PMMA and their

analogues Rh6G and RhB), are routinely used in nanopho-

tonic research because of their strong absorption and emis-

sion [22], [23], high optical gain [24], stimulated emission

[25], and coupling with surface plasmons [20], [21], cavities

[26] or other molecules. Our studies of intriguing properties

of dye-doped polymers in the Kretschmann geometry are

reported below.

Although reflection and transmission are among

the most studied strong coupling phenomena, we have

observed their highly unusual dispersion behavior in
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single-doped (with Rh590 dye or Rh610 dye) and co-doped

PMMA polymers, which, according to our knowledge, has

never been reported in the literature.

Following Refs. [27], [28], we fabricated a series of

Kretschmann geometry samples and dye-doped PMMA

films on glass, with concentrations of Rhodamine dyes

(Rh590 and Rh610) in the polymer (PMMA) ranging between

0 g/L and 1,260 g/L and studied their absorption and reflec-

tion spectra (Figure 1). The angular and spectral positions of

the dips in the experimental spectra resulted in the disper-

sion curves discussed below.

In brief, we fabricated a variety of plasmonic and

photonic samples and studied their optical properties as

explained in the Supplemental information section. We

have observed (i) multi-branch “staircase”-like dispersion

curves of surface plasmon polaritons at high concentrations

of Rh590 and Rh610 dyes (Figures 2–4), (ii) emergence of a

new “fork” branch of the dispersion curve (Figure 5), (iii)

dispersion in co-doped donor–acceptor system (Figure 6),

and (iv) effect of dye–dye interaction on spectral positions

of the absorption bands (Figure 7).

2 Anomalous dispersion of surface

plasmons

Experimentally, in pure PMMA (nodye) the dispersion curve

is formed by a single branch, in agreement with the litera-

ture [20], [29], Figures 2 and 3.

Rh590 At modest Rh590:PMMA dye concentration

(n = 2 g/l), the dispersion curve has two branches and one

Rabi splitting, characteristic of a single absorption band,

whose spectral position corresponds to the maximum of

the dye’s absorption band [20], [29]. At higher Rh590 dye

concentrations (n= 4 g/l and 16 g/l), the dispersion curve has

three branches and two Rabi splits, characteristic of a peak

and a shoulder of the dye absorption band [20], [29]. At n =
64 g/L and n = 128 g/l, the Rh59 dispersion curves have four

branches (particularly noisy at n = 64 g/l) and three Rabi

splittings. Intriguingly, in Rh590:PMMA at n = 64 g/l and

n = 128 g/l, the upper dispersion branch features a “fork”

splitting (Figure 5). This is the evidence of the emergence (or

Open Access. © 2025 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/nanoph-2025-0036
mailto:mnoginov@nsu.edu
https://orcid.org/0009-0005-1428-0765
https://orcid.org/0000-0001-6340-1299


2252 — L. Hesami et al.: Anomalous dispersion

Figure 1: Absorption spectra of Rh610:PMMA. Trace (1) – Experimental

spectrum normalized to unity; Traces (2) and (3) – Fits of the

experimental spectrum with two Gaussian functions; Trace (4) – Sum of

traces (2) and (3), representing the overall fit.

birth) of the fourth branch of the dispersion curve. In pure

dyes (without PMMA), the dispersion curve in Rh590 splits

into six branches (Figure 2).

Rabi splittingWe then subtracted the highest energies

of the lower polariton branches from the lowest energies

of the upper polariton branches, Figure 8, and found the

resultant Rabi energy to be proportional to the square root

of the dye concentration [20], Figure 9. This is the theo-

retical prediction known for dispersion curves consisting

of two branches and one Rabi splitting [20]. Note that no

predicted Rabi energy scaling was observed when energy

distances between neighboring branches of the dispersion

curves (steps of the staircase) weremeasured and analyzed.

Rh610 Qualitatively the same anomalous dispersion

curves have been observed in Rh610 dye. However, the

dispersion curve in Rh610 (at maximal dye concentration,

no PMMA) splits only into four branches (Figure 3). Fur-

thermore, at nominally the same Rh610 dye concentration

(n = 16 g/l), the dispersion curve still had two branches and

one Rabi splitting, similar to Rh590 dye at a lower concen-

tration. The energy difference between the upper and lower

polaritons in Rh610 had the same square root Rabi scaling as

that in Rh590.

3 Coupling and dispersion

in donor–acceptor systems

We then compared the dispersion curves in the mixture of

Rh590 and Rh610 PMMA dye-doped polymers with those of

the same Rh590:PMMA and Rh610:PMMA polymers taken

separately and found that, as a rule, the dispersion curves

in the mixtures of dyes (although noisy) can be found in

the dispersion curves of individual dyes. Vice versa, the

dispersion branches in the mixtures can be found in one

of the dispersion curves of individual dyes. An exception

from this rule is encircled in Figure 6, where one of the

top branches of the mixture does not exist in Rh590:PMMA

or Rh610:PMMA taken separately. Likewise, some disper-

sion branches of individual dyes do not exist in the disper-

sion curves of the mixtures. Thus, the dispersion curves of

the Rh590:PMMA/Rh610:PMMAmixed samples can be more

than a simple “geometrical” summation of the Rh590:PMMA

or Rh610:PMMA dispersion curves, suggesting an important

role played by donor–acceptor energy transfer in a strong

coupling regime.

4 Effect of strong coupling in Rh590

and Rh610 molecules without

metals

According to Ref. [22], the S0–S1 absorption band of R6G

dye (very similar to Rh590) consists of a major electronic

transition peak and a vibronic shoulder peak, Figure 1.

Below, we study the concentration dependence of both

transitions.

Experimentally, we prepared a series of Rh590:PMMA

and Rh610:PMMA thin films on glass, measured their

absorption spectra, and fitted themwith two Gaussian func-

tions. We found that the maximum of the major Gaussian

peak is close to the maximum of the experimental absorp-

tion band. At the same time, the shoulder peak is much

weaker, and its strength grows with an increase in the

dye concentration, in agreement with Ref. [22]. Next, we

measured the maximal spectral positions of the main peak

and the shoulder and plotted them as the function of the

dye concentration. We found that with increase of the dye

concentration, (i) the spectral maxima of both the main

peak and the shoulder are shifted to smaller frequencies

and (ii) the energy splitting between the main peak and

the shoulder was getting larger, Figure 7. While the latter

phenomenon can be qualitatively explained in terms of

the non-degenerate second-order perturbation model, the

former requires thorough theoretical analysis. It tentatively

can be explained by the existence of the S0–S2 absorption

band at 350 nm, however, the latter band appears to be too

small.
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Figure 2: Dispersion curves in Kretschmann geometry samples at different Rh590 dye concentrations.
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Figure 3: Same as Figure 2 for Rh610 dye.
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Figure 4: Same as Figures 2 and 3 for the mixture of Rh590 and Rh610 dyes.



2256 — L. Hesami et al.: Anomalous dispersion

Figure 5: Emergence of the new dispersion branch in Rh590,

at n= 128 g/L (encircled by an ellipse). Horizontal lines correspond to the

main peak and the shoulder in the Rh590 absorption spectrum.

Figure 7: Concentration dependence of the spectral position of the main

peak (blue line) and shoulder (Orange) in Rh610:PMMA.

Figure 6: Dispersion curve of the 16 g/L Rh590 (red), Rh610 (blue),

and a mixture of Rh590 and Rh610 (black). In the encircled area, the

dispersion curve of the mixture is different from the sum of the

components.

Figure 8: Black arrow: Energies of the lower polariton branches subtracted from the lowest energies of the upper polariton branches.

(a) Rh610, (b) Rh590, (c) mix of Rh590 and Rh610. n= 128 g/l.
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Figure 9: Rabi splitting proportional to the square root of the concen-

tration. Green – Rh610, Orange – Rh590, blue – mix of Rh590 and Rh610.

5 Summary

We studied dispersion in Rhodamine laser dyes in the

Kretschmann geometry and found (i) multi-branch

“staircase”-like dispersion curves of surface plasmon

polaritons at high dye concentrations, (ii) emergence of a

new “fork” branch of the dispersion curve, (iii) dispersion

in co-doped donor–acceptor system, and (iv) effect of

dye–dye interaction on spectral positions of the absorption

bands.

Research funding: This work was supported by NSF grants

2112595 and 2301350, and DOE award DE-NA0004007.

Author contributions: LH contributed to the experimen-

tal studies, data analysis, and manuscript writing. MGRC

contributed to the experimental studies. MAN designed the

experiments, contributed to data analysis, and wrote the

manuscript. All authors reviewed the results, approved the

final version of the manuscript, and accept responsibility

for its entire content. They have all consented to its submis-

sion to the journal.

Conflict of interest: Authors state no conflict of interest.

Data availability:All data generated or analyzed during this

study are included in this article and its Supplementary

materials.

References

[1] E. M. Purcell, H. C. Torrey, and R. V. Pound, “Resonance absorption

by nuclear magnetic moments in a solid,” Phys. Rev., vol. 69,

nos. 1−2, p. 37, 1946,.
[2] S. Noda, M. Fujita, and T. Asano, “Spontaneous-emission control

by photonic crystals and nanocavities,” Nat. Photonics, vol. 1, no. 8,

pp. 449−458, 2007,.

[3] V. N. Peters, C. Yang, S. Prayakarao, and M. A. Noginov, “Effect of

metal−dielectric substrates on chemiluminescence kinetics,” JOSA
B, vol. 36, no. 7, pp. E132−E138, 2019,.

[4] L. Wu, et al., “Forster resonance energy transfer (FRET)-based

small-molecule sensors and imaging agents,” Chem. Soc. Rev.,

vol. 49, no. 15, pp. 5110−5139, 2020,.
[5] P. Andrew and W. L. Barnes, “Forster energy transfer in an optical

microcavity,” Science, vol. 290, no. 5492, pp. 785−788, 2000,.
[6] V. N. Peters, S. Prayakarao, S. R. Koutsares, C. E. Bonner, and M. A.

Noginov, “Control of physical and chemical processes with

nonlocal metal−dielectric environments,” ACS Photonics, vol. 6,
no. 12, pp. 3039−3056, 2019,.

[7] T. U. Tumkur, J. K. Kitur, C. E. Bonner, A. N. Poddubny, E. E.

Narimanov, and M. A. Noginov, “Control of Forster energy transfer

in the vicinity of metallic surfaces and hyperbolic metamaterials,”

Faraday Discuss., vol. 178, no. 178, pp. 395−412, 2015..
[8] F. Reil, U. Hohenester, J. R. Krenn, and A. Leitner, “Forster-type

resonant energy transfer influenced by metal nanoparticles,” Nano

Lett., vol. 8, no. 12, pp. 4128−4133, 2008..
[9] C. Blum, et al., “Nanophotonic control of the Forster resonance

energy transfer efficiency,” Phys. Rev. Lett., vol. 109, no. 20,

p. 203601, 2012,.

[10] V. N. Peters, T. U. Tumkur, G. Zhu, and M. A. Noginov, “Control of a

chemical reaction (photodegradation of the p3ht polymer) with

nonlocal dielectric environments,” Sci. Rep., vol. 5, no. 1, pp. 1−10,
2015,.

[11] T. Schwartz, J. A. Hutchison, C. Genet, and T. W. Ebbesen,

“Reversible switching of ultrastrong light-molecule coupling,”

Phys. Rev. Lett., vol. 106, no. 19, p. 196405, 2011,.

[12] J. A. Hutchison, T. Schwartz, C. Genet, E. Devaux, and T. W.

Ebbesen, “Modifying chemical landscapes by coupling to vacuum

fields,” Angew. Chem. Int. Ed., vol. 51, no. 7, pp. 1592−1596,
2012,.

[13] A. D. Dunkelberger, B. S. Simpkins, I. Vurgaftman, and J. C.

Owrutsky, “Vibration-cavity polariton chemistry and dynamics,”

Annu. Rev. Phys. Chem., vol. 73, no. 1, pp. 429−451, 2022,.
[14] K. Nagarajan, et al., “Conductivity and photoconductivity of a

p-type organic semiconductor under ultrastrong coupling,” ACS

Nano, vol. 14, no. 8, pp. 10219−10225, 2020,.
[15] J. K. Asane, V. N. Peters, R. Alexander, T. Wallace, and M. A.

Noginov, “Study of electrical conductivity of the poly (3

hexylthiophene-2, 5-diyl) polymer in resonant Fabry−Perot
cavities,” J. Nanophotonics, vol. 13, no. 2, p. 026007, 2019.

[16] J. A. Hutchison, et al., “Tuning the work-function via strong

coupling,” Adv. Mater., vol. 25, no. 17, pp. 2481−2485, 2013,.
[17] K. M. Khabir, M. Shahabuddin, N. Noginova, and M. A. Noginov,

“Control of work functions of nanophotonic components,” Sci.

Rep., vol. 14, no. 1, p. 18044, 2024,.

[18] S. Kéna-Cohen and S. R. Forrest, “Room-temperature polariton

lasing in an organic single-crystal microcavity,” Nat. Photonics,

vol. 4, no. 6, pp. 371−375, 2010,.
[19] S. Christopoulos, et al., “Room-temperature polariton lasing in

semiconductor microcavities,” Phys. Rev. Lett., vol. 98, no. 12,

p. 126405, 2007,.

[20] P. Törmä and W. L. Barnes, “Strong coupling between surface

plasmon polaritons and emitters: a review,” Rep. Prog.

Phys., vol. 78, no. 1, p. 013901, 2014, Check if polaritonic

laser is reported here, https://doi.org/10.1088/0034-4885/78/1/

013901.

https://doi.org/10.1088/0034-4885/78/1/013901
https://doi.org/10.1088/0034-4885/78/1/013901


2258 — L. Hesami et al.: Anomalous dispersion

[21] T. W. Ebbesen, “Hybrid light−matter states in a molecular and
material science perspective,” Acc. Chem. Res., vol. 49, no. 11,

pp. 2403−2412, 2016,.
[22] P. Venkateswarlu, M. C. George, Y. V. Rao, H. Jagannath, G.

Chakrapani, and A. Miahnahri, “Transient excited singlet state

absorption in Rhodamine 6G,” Pramana, vol. 28, pp. 59−71,
1987,.

[23] C. On, E. K. Tanyi, E. Harrison, and M. A. Noginov, “Effect of

molecular concentration on spectroscopic properties of poly

(methyl methacrylate) thin films doped with rhodamine 6G dye,”

Opt. Mater. Express, vol. 7, no. 12, pp. 4286−4295,
2017,.

[24] M. A. Noginov, et al., “Compensation of loss in propagating

surface plasmon polariton by gain in adjacent dielectric medium,”

Opt. Express, vol. 16, no. 2, pp. 1385−1392, 2008..
[25] M. A. Noginov, G. Zhu, M. Mayy, B. A. Ritzo, N. Noginova, and V. A.

Podolskiy, “Stimulated emission of surface plasmon polaritons,”

Phys. Rev. Lett., vol. 101, no. 22, p. 226806, 2008,.

[26] A. D. Dunkelberger, B. S. Simpkins, I. Vurgaftman, and J. C.

Owrutsky, “Vibration-cavity polariton chemistry and dynamics,”

Annu. Rev. Phys. Chem., vol. 73, no. 1, p. 429, 2022..

[27] E. K. Tanyi, H. Thuman, N. Brown, S. Koutsares, V. A. Podolskiy, and

M. A. Noginov, “Control of the Stokes shift with strong coupling,”

Adv. Opt. Mater., vol. 5, no. 9, p. 160094129, 2017..

[28] M. G. R. Chowdhury, et al., “Anomalous dispersion in reflection

and emission of dye molecules strongly coupled to surface

plasmon polaritons,” Nanomaterials, vol. 14, no. 2, p. 148,

2024,.

[29] T. K. Hakala, et al., “Vacuum Rabi splitting and strong-coupling

dynamics for surface-plasmon polaritons and rhodamine 6G

molecules,” Phys. Rev. Lett., vol. 103, no. 5, p. 053602, 2009,.

Supplementary Material: This article contains supplementary material

(https://doi.org/10.1515/nanoph-2025-0036).

https://doi.org/10.1515/nanoph-2025-0036

	1 Introduction
	2 Anomalous dispersion of surface plasmons
	3  Coupling and dispersion in donortnqx2013;acceptor systems
	4 Effect of strong coupling in Rh590 and Rh610 molecules without metals
	5 Summary


<<
  /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


