Nondiffractive light in photonic crystals

* Nondiffractive light in linear Photonic Crystals (PCs)
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- Nondiffractive pulses in PCs;
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‘ Nondiffractive light in linear Photonic Crystals ‘

Photonic Crystals
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-diffraction management in fiber arrays (1D PCs)
-diffraction management in BECs (1D lattices)

-diffraction management, numerics and experiments in 2D PCs

But also Elimination of diffraction !l



Diffraction

Beam with carrier frequency w, propagating in z direction :
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Diffraction management
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‘Localization of non-diffractive regimes Constant wsurf. First brillouin zones
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Slowly Varying Envelope Approximation
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Paraxial approx. and sinusoidal An
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« Generalizations:

- Linear
* Nonlinear (e.g. to BECs);




Inscription of the index modulation
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Dynamical photonic crystals === Dynamical diffraction management



Diffraction elimination
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Analytical curve for f«l

f <<1: 3 relevant harmonics
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Transverse dispersion relation:
Power series expansion
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Numerics 3D
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Subdiffraction. Analytic
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Subdiffraction. Numerics

Large propagation distance
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The smallest non-diffractive structures

Technical applications Plateau width

Effective diffraction
lower than a given value
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3D Nondiffractive Photonic Crystals

3D PC Diferent configurations: n-gons
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Experiments with PCs

- 1064 nm :

Optical lattice
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‘Photorefractive materials

Light beams

Light
interferences

Charges
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index variations
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-Simulations with experimental parameters

‘Beam: Homogeneous material
Wavelength = 532 nm e
Initial width = 12.6 pm " -
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Possible applications:

*Multimode nondiffractive wave-guides

-Fibers transporting patterns
*Wave-guides in electronic circuits

Diffractive fibers Nondiffractive fibers

1 fiber transport 1 bit 1 fiber transport 1 pattern
(light or no light)

*Microscopy, photolitography, ...



Multimode Nondiffractive Fibers and Wave-Guides:
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‘ Non-diffractive pulses
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Small index modulations (f<<1)
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Integration of the main equation
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Invariant spacio-temporal shapes
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Non-diffractive resonators

Input beam

L Output beams
+—>

‘Free propagation
along distance L

‘Homogeneous spacer

Gaussian spectrum filtered
by the resonator
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b Broader beam

‘Non-diffractive cavity
Spacer filled with PC
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HOmogeneous resonators Homogeneous spacer
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*Scann of the cavity length

ngs

Output intensity Diffraction
H r-Rings
) ‘Free spectral range:
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Photonic crystal resonators

Photonic crystal spacer

‘No Rings. Only the central peak remains (all transverse
waves in phase).

‘Free spectral range does not depend on w,

Output width does not depends on L.



‘ Propagation in Nonlinear PC's (1D transvers) ‘
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‘ Solitons

Solitons: Amplitude-Width relationship

Output soliton
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Near the linear non-diffractive curve
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Nonlinear PCs (2D transvers)
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Bose-Einstein Condensates
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‘ Non-diffractive Nonlinear resonators

‘Nonlinear resonators:
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CV in VCSELs, lasers with saturable
absorber, OPOs, Photorefractives,
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‘Nonlinear photonic crystal resonators:

Modulation of refraction index Reduction of spatial scale
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More

f=2mkl/q? - modulation depth;
Q, = 2QI1k0 /Qé - geometry;
ky = G, /C

*Sub-sub-diffractive? > Vi f{\

(Q||,f) with 12=0*=0 m) [1°

‘Nondiffractive-nondispersive pulses?



