Wave Chaos in a New Class of Optical Microcavity
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Context Results C. Quadrupolar geometry (¢ = 0.18) C. Inhomogeneous non-integrable case Mode interactions with parameter

modern electro-optics demands miniaturization cavity response: * high deformation high deformation n, | 33
of components én | 1.65

— micro-lasers (and micro-resonators) X 0

problem: — directional emission at far-field 0 ;
. . . . . . . y

— Fabry-Pérot resonators hard to manufacture — coupling between modes [2]: delay T vs k | [ Far.Fleld .Intensllty | Husimi Distribution W“ —

pos;:)l“e nsloslflii(e);s' * high quality, low directionality | | W: :
— VErtical Cavity Surface Emitting Lasers * low quality, high directionality | : Far Field Intensity Husimi Distribution
(VECSELSs) a ray-wave correspondence: - high quality mode  low quality mode " " . | A | 2 \ | 1 ” : M : |

— dielectric micro-resonators — Husimi distribution = \ |
* total internal reflection principle A

* classical counterpart (billiard) may be
interesting theoretical model for wave — corresponding classical phase space ' — i . , ; 7

° 4,71
chaos studies

— sharp resonances / high delay times 7/ high quality modes Q=w 7 wavenumber k vs w, delay T vs w,

projection of wave solution

Delay (length units)

from coordinate space to

Toroid microcavity [1]

15.08

wavenumber k (length units '1)
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I. Introduction III. Geometrical Deformation IV. Medium Deformation V. Phase Space Engineering V. Phase Space Engineering
Cavity engineering Standard approach New approach A plausible scenario Mode B Husimi distribution in escape region

e disc cavity: isotropic emission e deformation of the circle e circular geometry with inhomogeneous medium * parameters: Classical phase space
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* loss of integrability in classical billiard systems — circular to quadrupolar geometry — gaussian deformation Exterior index s i gl ainis g s g reference intensity at w_= 0.300

=> emission directionality r(¢) = Ro(1 + € cos 2¢)
« achieved through either/or control parameter:

2 2
(=70 (=10 ] Interior index

n(z,y) = ng + dnexp [_QT —

x Y

Gaussian
— geometrical deformation of boundary * ¢ =0: classical integrable case — integrable case, x, =y, =0 and w, = w,, is analog to the amplitude

— deformation of refractive index * ¢>0: regular and chaotic dynamics (mixed phase space) circular homogeneous cavity Cavity radius 1

Quadrupolar deformation Gaussian deformation of undeformed cavity radius: R, =1 Width, Y 8

of circular cavity refractive index (circular cavity) homogeneous medium — transition to chaos with loss of rotation symmetry using Width, X 0.3, 0.325]
] W, # Wy, Xy # 0 and/or y, # 0, with on # 0

* outside cavity: n, =1 Gaussian center Y 0

1k

e inside cavity: n, =3.3 .
Y+ o Gaussian center X 0
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I' no obvious modifications of intensity in escape region

Narrow spaces = ~ same emission patterns

I1I. Numerical Method III. Geometrical Deformation IV. Medium Deformation V. Phase Space Engineering V. Phase Space Engineering
Problem description A. Circular geometry (¢ = 0) A. Inhomogeneous integrable case Far-field emission for 3 modes Mode C Husimi distribution in escape region
Mode B

* optically thin resonator: ™ ~ * sin x: constant of motion * sin x: constant of motion n, | 33

— approximately 2D E - regular phase space + regular phase space on | 033 ” ,. reference intensity at w_= 0.300
X, 0 Fos _.

Jw(r=e0, o)

* uniform far field intensity « uniform far field intensity

« TM and TE polarization 0
— Helmholtz homogeneous equation Yy 1
1

V24 (x) +n?(1)k%(r) = 0
Vn(r) # 0

* time independent scattering approach
real wavelength
continuous incoming wave from infinity
detection at infinity

measurement of energy trapped in cavity
(measurement of time delay)
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coupling starting near minimum of delay

N S e e = modifications of intensity in escape region
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I1I. Numerical Method III. Geometrical Deformation IV. Medium Deformation VI. Summary
Numerical calculation B. Quadrupolar geometry (¢ = 0.05) B. Inhomogeneous non-integrable case

* building the scattering matrix: * low deformation * low deformation n, | 33 introduction of a new method for symmetry breaking i.e. loss of

local development on thin rings on | 0.165 integrability

Xy 0 novel numerical method for (resonant) wave solutions

0 L L3 [ L L3
Yo comparison of geometrical and refractive index deformation effects on
w 0.5

X modes behaviour

w, 1

iterative construction of development coefficients

electromagnetic boundary conditions at each interface [ ___Far Field Intensity Husimi Distribution

connection to free space solution at R,

engineering phase space to obtain specific emission patterns

FarnField.Intensnity coupling between modes can induce modifications of escape intensity

future developments may include

— non-linear studies (micro-lasers)

— other index deformations

H(oon) )| [ Eoon))) )





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice


