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Frequency conversion

Optically induced change in the

refracitve index

e self-phase modulation (SPM)

e cross-phase modulation (XPM)
e same mode - different wavelengths
e same mode - orthogonal polarizations
o different modes

e modulation instability (M)

 four-wave mixing (FWM)

Inelastic scattering

e stimulated Raman scattering (SRS)
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@ Single mode propagation

All-normal dispersion SC

e Design and fabrication of microstructured optical
fibers for efficient generation of coherent SC in
normal dispersion regime
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All-normal dispersion SC

e Broad and coherent SC generated in all-normal
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Soliton self-frequency shift

e Microstructured optical fiber for efficient soliton
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Soliton self-frequency shift

e Broadband tuning of soliton pulses
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Coupled nonlinear Schrodinger
equations
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Polarized all-normal SC

e Design, fabrication and characterization of
a birefringent all-normal microstructured fiber
for POLAND-SC generation

(b)
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Optics Express 25(22): 27452-27463 (2017)



@ Birefringent fibers

Polarized all-normal SC

e SC generation in birefringent all-normal
dispersion fiber
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Polarized all-normal SC

e SC generation in birefringent all-normal

dispersion fiber e oy
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dispersion fiber
- broad

- polarized

- coherent

Scientific Reports 9: 12313 (2019)

Polarized all-normal SC

e SC generation in birefringent all-normal

spectral energy
density [dB]

spectral energy
density [dB]

IN
o

-60

A
o

N
o

1.2 1.4 1.6 1.8 2
wavelength [um]

N
o

s -
----

D
o

' coss
—~ k.
O ks
i oot
oo

L

Y

165 166 167 168 1.69 17
wavelength [um]




@ Birefringnet fibers

Orthogonal Raman scattering

Raman response function
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Orthogonal Raman scattering

Coupled nonlinear Schrodinger
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equations with vector Raman response
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Orthogonal Raman scattering

Polarization conversion by Raman
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Orthogonal Raman scattering

Polarization conversion by Raman

scattering
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Orthogonal Raman scattering

of Science

Polarization conversion by Raman

scattering

» Oposite signs of phase and group
birefringnences allow to indicate the
preferable polarization axis for Raman
soliton tunig in terms of polarization purity



@ Birefringnet fibers

8 Vector modulation instability in linearly
birefringent fibers

Low birefringent fibers




@ Birefringnet fibers

2 Vector modulation instability in linearly
birefringent fibers

Isotropic fibers

e Linearly polarized light generate bands polarized
linearly and orthogonally to the pump
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@ Birefringnet fibers

2 Vector modulation instability in circularly
birefringent fibers

Coupled nonlinear Schrodinger

equations for circular eigenmodes
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@ Birefringnet fibers

Vector modulation instability in circularly
birefringent fibers

Coupled nonlinear Schrodinger
equations for circular eigenmodes
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J Birefringnet fibers

&8 Vector modulation instability in circularly
birefringent fibers

Coupled nonlinear Schrodinger

equations for circular eigenmodes
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@ Birefringnet fibers

B Vector modulation instability in circularly
birefringent fibers

Experimental results

e VMI in a nearly circularly birefringent spun fiber
shows behaviour typical for isotropic fiber even for
significant birefringence AN = -2.2x10¢

K. Zotnacz et al., IEEE Photonics Journal 13(1): 7100616 (2021)
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Vector modulation instability in circularly
birefringent fibers

Experimental results

e VMI in a nearly circularly birefringent spun fiber
shows behaviour typical for isotropic fiber even for
significant birefringence AN = -2.2x10¢
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8 Intermodal-vectorial FWM

and Technalogy
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8 Intermodal-vectorial FWM

Vectorial FWM
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8 Intermodal-vectorial FWM

Vectorial FWM
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Intermodal-vectorial FWM

Intermodal FWM
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Intermodal-vectorial FWM

Intermodal FWM
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Intermodal-vectorial FWM

~ Proccesses enabled by selective

excitation of modes
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J Few mode fibers

Intermodal-vectorial FWM

Proccesses enabled by selective
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Outline

» Description of frequency conversion
processes in optical fibers

 All-normal dispersion supercontinuum
« Soliton self-frequency shift

 Polarized all-normal dispersion SC
« Solitons - orthogonal Raman scattering
| » Vector modulation instability

 Intermodal-vectorial four wave mixing

Multimode fibers « Discretized conical emission




@ Multimode fibers

Discretized conical emission

Multimode optical fiber

e Core diameter 105 pm

* NA=0.22 LP LP LP

0,01 0,15 0,27

Journal of the Optical Society of America B 38(3): 732-742 (2021)



@ Multimode fibers

Discretized conical emission

and Technalogy

Results of modeling with MM-GNLSE
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Journal of the Optical Society of America B 38(3): 732-742 (2021)



@ Multimode fibers

Discretized conical emission

and Technalogy

Conical waves

normal dispersion anomalous dispersion zero dispersion
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D. Faccio, P. Di Trapani, Nonlinear Filamentation Dynamics (2007)



@ Multimode fibers

Discretized conical emission

Results of modeling with MM-UPPE

(b) 105 ym

Mode number

0.5 1 1.5

|40

-60

-80

-100

Norm. Power (dB)

Frequency (J;h,b) Frequency (u;/“uo) Frequency (u:/_(;o)
2
p 0
B~ 50—+ ) (o) <
Z

Journal of the Optical Society of America B 38(3): 732-742 (2021)




@ Multimode fibers

Discretized conical emission

and Technalogy

Experimental results

(a) Sapphire plate (b) Multimode fiber
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K. Stefanska et al., ACS Photonics in review



@ Multimode fibers

Experimental results

Discretized conical emission

(a) Sapphire plate
450 nm 500 nm
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(b) Multimode fiber
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@ Multimode fibers

Discretized conical emission
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Spatio-temporal wave packets

e Spontaneous emission of a discretized
conical wave in a step-index multimode

oer during propagation of an intense
ttrashort pulse

ne resulting 2D+1 ST wavepacket

propagates with a deterministic group-
velocity and it results from a linear
superposition of fiber modes with an
engineered spatiotemporal spectrum.

K. Stefanska, ACS Photonics in review



B Conclusions

e Optical fibers allow to observe and investigate
the broad spectrum of frequency conversion
processe

e The numerical experiments allow to get insight
into the complex dynamics of nonlinear
phenomena
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