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Technological applications of nonlinear optics
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Nonlinear optics provides insights into
the behavior of optical fields, going
beyond the linear response of materials

Most materials present weak nonlinear
response, thus finding ways to enhance
it is an important challenge



Linear optics
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Nonlinear optics
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Nonlinear optics: second order
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Emission rate of output photons for an electrostatic cavity

Induced dipole moment:
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Emission rate of output photons for an electrostatic cavity

Induced dipole moment:
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Emission rate of output photons for an electrostatic cavity

Induced dipole moment:

PwMCL (wwM) = X(2) (Wpump, W; WWM) : Ei)nudmp (wpump)Egllgctron (w)
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Emission rate of output photons for an electrostatic cavity

Emission rate of output photons:
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Emission rate of output photons for an electrostatic cavity

Normalized emission
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How to isolate WMCL from regular CL

Fwwm, Tl (1/eV)
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CL background (grey) is pump-independent

WM signal (blue) grows with pump field

Total signal with laser on: WM + CL (purple) —— what is measured

Signal with laser off: CL —— substract this signal
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Emission rate of output photons for a large cavity

We extend the study to large cavities

Induced dipole moment:
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Emission rate of output photons for a large cavity

Reciprocity theorem: G (r,rg,w) = G (rg,r,w)
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Having a "reciprocal” dipole




Emission rate of output photons for a large cavity

Equivalent plane-wave illumination:

The far-field "reciprocal” dipole

Plane-wave travelling




Emission rate of output photons for a large cavity
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Induced dipole moment leads to a far-field distribution:
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Emission rate of output photons for a large cavity

The cavity is a silver nanorod covered in retinal:
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Emission rate of output photons for a large cavity

The cavity is a silver nanorod covered in retinal:
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Take-home messages

« WMCL = electron near field + optical
pump mixed in a nonlinear cavity

- Low-frequency resonances become
visible-light shifts

- WMCL aims to combine nanoscale
S localization from electrons with easy
- visible-light illumination and detection
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Representative bulk nonlinear susceptibility magnitudes for non-centrosymmetric materials

Class Material x'?) (m/V)|Source|Spectral region|DL parameters
GaAs, InAs ~ 1071 11],[2] mid-IR 3]
Zincblende (T, 43m) GaP, InP ~ 107 14],[2] mid-IR 3]
Zn'Te 1071 5] far-IR. 6]
s . w-GaN ~ 107" 7] vis/NIR B
Wurtzite (Cgy, 6mm) 710 ~ 10-13 9] NIR 10]
. . LiNbOj, LiTaO3| ~ 107" 2] vis/NIR 11]
Trigonal (Cv, 3m) BBO ~ 10712 [12] NIR 13]
. LBO ~ 107" [14] NIR 15]

Orthorhombic (Cz,, mm2) KTP, KNbOs ~ 1011 [16] NIR 17],[18]

Prelat, L., Dias, E.J.C. & Garcia de Abajo, F.J. Wave-mixing

cathodoluminescence microscopy of low-frequency excitations. Nat Commun

16, 11551 (2025). https://doi.org/10.1038/s41467-025-67288-1
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Emission rate of output photons for a large cavity

Induced dipole moment leads to a far-field distribution:

fout(T) = kout(l —rQr) / d2rs e_ikoutf‘.rspout (rs)
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Far-field using the reciprocity theorem:
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Emission rate of output photons for an electrostatic cavity
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