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Cavity Cavity Solitons Solitons 

wide aperture passive resonators
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Discrete Solitons Discrete Solitons 
waveguide arrayg y
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Discrete Cavity SolitonsDiscrete Cavity Solitons

wide pump field

Bragg mirrors

+ mirrors          → feedback and radiation losses

array of nonlinear waveguides

+ pump field   → energy supply
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Array of Nonlinear Waveguide ResonatorsArray of Nonlinear Waveguide Resonators

PPLN
Periodically Poled 
Lithium Niobate

AlGaAs below 
half band gapLithium Niobate

Bragg mirrors
g p

W Sohler Paderborn

fast quadratic nonlinearity

I S Aitchison Toronto

fast cubic nonlinearity
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Array of Coupled Array of Coupled Defects Defects in in PCs PCs Lithium Niobate – quadratic NL

pump
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Single Single Cavity ResponseCavity Response

mean-field model for the single cavity E0
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Array of Array of Coupled CavitiesCoupled Cavities

evanescent coupling
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Array of Array of Coupled CavitiesCoupled Cavities

evanescent coupling
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Mean-field and tight-binding approximations
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Array of Array of Coupled Cavities Coupled Cavities -- LimitsLimits

evanescent coupling
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Mean-field and tight-binding approximations
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Array of Array of Coupled CavitiesCoupled Cavities

evanescent coupling
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Discrete DiffractionDiscrete Diffraction

1D 1D waveguide arraywaveguide array

NM: Bloch waves → DR: z 2 ( )cos( )xC k dk = β + ω
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Discrete DiffractionDiscrete Diffraction

1D 1D waveguide arraywaveguide array

NM: Bloch waves → DR: z 2 ( )cos( )xC k dk = β + ω

kz positive

zero curvature

π
K=kxd

π
β

negative2C

−π π
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T. Pertsch, U. Peschel, and F. Lederer, 
Phys. Rev. Lett., 88 (02) 093901Discrete DiffractionDiscrete Diffraction

z 2 ( )cos( )xC k dk = β + ω

anomalous diffraction anom. refraction and diffractioncanonical 
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Discrete Cavity Discrete Cavity Soliton Soliton –– Simplest SolutionsSimplest Solutions

1) focusing nonlinearity

→ bright solitons in continuous limit
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→ coupling (discrete diffraction) controls soliton formation 
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Discrete Cavity Discrete Cavity Soliton Soliton –– Simplest SolutionsSimplest Solutions

2) defocusing nonlinearity

→ dark solitons in continuous limit
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Effect of an Inclined Holding BeamEffect of an Inclined Holding Beam
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Effect of an Inclined Holding BeamEffect of an Inclined Holding Beam

2u∂ i

inclined holding beam  
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Reminder Reminder -- Discrete Diffraction Discrete Diffraction 
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Stability of Stability of Discrete Plane WavesDiscrete Plane Waves

Discrete model

( ) 2
1 1 02 ( ) iqnn

n n n n n n
ui C u u u i u u u E e
T + −

∂
+ + − + + Δ + γ =

∂T∂

cw plane wave solution

eiqn
nu b=

O. Egorov and F. Lederer, 
and Y. S. Kivshar,

F. Lederer,  FSU Jena, Discrete Cavity Solitons, Zürich 07/07

,
Opt. Exp. 15 (07) 4149



Stability of discrete plane wavesStability of discrete plane waves

Discrete model
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Modulational Modulational Instability Instability of PWof PW

3′γ Δ < − - bistable case
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Modulational Modulational Instability Instability of PWof PW
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Soliton SolutionsSoliton Solutions
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Bright SolitonsBright Solitons
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Dark Solitons on a PatternDark Solitons on a Pattern
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Dark Dark SolitonsSolitons
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Dark Dark SolitonsSolitons
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Mobility of Discrete SolitonsMobility of Discrete Solitons

motion trapping

conservative 
systems

continuous system – Galileian invariance discrete system – no Galileian invariance
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Mobility Mobility -- Continuous Model Continuous Model →→ Translational ModeTranslational Mode

Linear stability analysis:
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Motion of DCS Motion of DCS -- PPerturbation Theoryerturbation Theory

1) Resting DCS

“odd” “even”

q < q crit

O. Egorov, U. Peschel, and F. Lederer 
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Motion of Motion of DCS DCS -- PPerturbation Theoryerturbation Theory

1) resting DCS
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Motion of Motion of DCS DCS -- PPerturbation Theoryerturbation Theory

1) resting DCS
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QuasiQuasi--Continuous ApproachContinuous Approach O. Egorov, U. Peschel, and F. Lederer 
PRE 72 (05) 066603

aim:  - to establish an analytical modely

idea: - to derive a quasi-continuous model for the 
DCS envelope by keeping properties of discrete 
diffraction (phase difference coupling strength)diffraction (phase difference, coupling strength)
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O. Egorov, U. Peschel, and F. Lederer 
PRE 72 (05) 066603QuasiQuasi--Continuous ApproachContinuous Approach
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O. Egorov, U. Peschel, and F. Lederer 
PRE 72 (05) 066603QuasiQuasi--Continuous ApproachContinuous Approach
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Moving Discrete Cavity SolitonsMoving Discrete Cavity Solitons O. Egorov and F. Lederer, 
and Y S Kivsharand Y. S. Kivshar,
Opt. Exp. 15 (07) 4149

2.5

|b| dark DCS

2

|b| dark DCS

MI

1

1.5

bright DCS

0 0.2 0.4 0.6 0.8 1q / π
0.5

bright DCS

domains of resting DCSs 3′Δ < − 1C = 1γ =

F. Lederer,  FSU Jena, Discrete Cavity Solitons, Zürich 07/07



Moving Discrete Cavity SolitonsMoving Discrete Cavity Solitons O. Egorov and F. Lederer, 
and Y S Kivsharand Y. S. Kivshar,
Opt. Exp. 15 (07) 4149
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ConclusionsConclusions

- MI and discrete cavity soliton formation depend strongly 
on the holding beam inclination

- beyond a critical inclination resting solitons start to move

- a quasi-continuous approach permits to identify moving 
DCSsDCSs

- subdiffractive DCS exist if second order diffraction 
dissapearsdissapears
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