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Technological applications of nonlinear optics

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



Nonlinear optics



Nonlinear optics: second order



Emission rate of output photons for an electrostatic cavity

Induced dipole moment:
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Induced dipole moment:



Emission rate of output photons:

Emission rate of output photons for an electrostatic cavity

Induced dipole moment:



Emission of photons enhanced at the resonant frequency 

Emission rate of output photons for an electrostatic cavity

Emission rate of output photons:



Emission rate of output photons for an electrostatic cavity

-Maximum photon

emission rate: damping

-Universal results



How to isolate WMCL from regular CL 

- 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



Emission rate of output photons for a large cavity

We extend the study to large cavities

Induced dipole moment:



Emission rate of output photons for a large cavity

Reciprocity theorem:

A dipole radiating a field

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

Wave-mixing photons emitted:

Induced dipole moment leads to a far-field distribution:

Equivalent plane-wave

illumination

Induced dipole moment leads to a far-field distribution:

Electron and light

induced fields



Emission rate of output photons for a large cavity

The cavity is a silver nanorod covered in retinal:

Silver nanorod act as a 

plasmonic antenna 

Pump light fixed to the visible

resonance of the nanorod



Emission rate of output photons for a large cavity

The cavity is a silver nanorod covered in retinal:

Electron: provides broadband 

low-frequency drive that

excite the retinal vibrations

Detect visible photons from
the energy shift



• WMCL = electron near field + optical

pump mixed in a nonlinear cavity

• Low-frequency resonances become

visible-light shifts

• WMCL aims to combine nanoscale

localization from electrons with easy

visible-light illumination and detection

Take-home messages
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Representative bulk nonlinear susceptibility magnitudes for non-centrosymmetric materials
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Silver-retinal nanorod Silver-silica nanorod
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Emission rate of output photons for a large cavity

Far-field using the reciprocity theorem:

Output photons emitted:

Induced dipole moment leads to a far-field distribution:



The emission of photons is 

enhanced for the resonant 

frequency 

Emission rate of output photons for an electrostatic cavity
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