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Typical experimental setup
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Numerical experiment
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Nonlinear Schrödinger equation

Generalized nonlinear Schrödinger equation

Nonlinear Schrödinger equation
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Frequency conversion

• self-phase modulation (SPM)

• cross-phase modulation (XPM)

• same mode – different wavelengths

• same mode – orthogonal polarizations

• different modes

• modulation instability (MI)

• four-wave mixing (FWM)

Optically induced change in the refracitve index

• stimulated Raman scattering (SRS)

Inelastic scattering
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Frequency conversion

• SPM

• XPM

• MI

• degenerated FWM

Optically induced change in the refracitve index
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Frequency conversion

• four-wave mixing

Optically induced change in the refracitve index
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Frequency conversion

• stimulated Raman scattering (SRS)

Inelastic scattering
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Q. Lin, G. P. Agrawal, Optics Letters, 31(21): 3086 (2006)
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Frequency conversion

• Intrapulse Raman scattering (SRS)

Inelastic scattering
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All-normal dispersion SC

• design

• fabrication

• characterization

• supercontinuum generation

Nonlinear microstructured fiber with normal 
dispersion

Optics Express, 24(26): 30523 (2016)
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All-normal dispersion SC

•Broad and coherent SC generated in
an all-normal dispersion fiber

Nonlinear microstructured fiber with normal 
dispersion

23-fs 

pumping

Optics Express, 24(26): 30523 (2016)
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All-normal dispersion SC

•Broad and coherent SC generated in
an all-normal dispersion fiber

Nonlinear microstructured fiber with normal 
dispersion

Optics Express, 24(26): 30523 (2016)

460-fs 
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Birefringent fibers

Coupled nonlinear Schrödinger equations
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Polarized all-normal SC

• design

• fabrication

• characterization

• supercontinuum generation

Nonlinear birefringent microstructured fiber with 
normal dispersion

Optics Express 25(22): 27452-27463 (2017)
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Polarized all-normal SC

• normal dispersion regime

• polarized

• coherent

Supercontinnum generation

Optics Express 25(22): 27452-27463 (2017)
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Polarized all-normal SC

• normal dispersion regime

• polarized

• coherent

Supercontinnum generation

Scientific Reports 9: 12313 (2019)
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Few mode fibers

System of coupled nonlinear Schrodinger equations
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Intermodal-vectorial FWM

Fiber modes

S. Majchrowska, K. Żołnacz et al., Optics Letters 47(10): 2522 (2022)
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Intermodal-vectorial FWM

Phase matching condition

S. Majchrowska, K. Żołnacz et al., Optics Letters 47(10): 2522 (2022)
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Intermodal-vectorial FWM

Vectorial FWM

S. Majchrowska, K. Żołnacz et al., Optics Letters 47(10): 2522 (2022)
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Intermodal-vectorial FWM

Intermodal FWM

S. Majchrowska, K. Żołnacz et al., Optics Letters 47(10): 2522 (2022)

y,ye

y ye

2 2

0 0 0 02 21 1

1 1

2 2

y ye y y y ye ye ye       + = + + − +   + 

2

1 2
 −  =



31

LasIonDef – Wrocław 2024

Intermodal-vectorial FWM

Proccesses enabled by selective excitation of modes

S. Majchrowska, K. Żołnacz et al., Optics Letters 47(10): 2522 (2022)
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Summary

Optical fibers are interesting media for 
investigating nonlinear processes

Properties of optical fibers can be tailored 

Numerical simulations allow to get insight into 
dynamics of nonlinear conversion processes
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