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The nature of light : a wave - a particle
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1960, The invention of LASER

Laser Oscillator
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Nonlinear three-photon processes

Fusion of two photons <mmmp| Sum-Frequency Generation (SFG)
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Second harmonic generation experiments

From red to blue O +w=20

From invisible to visible

A revolution in medicine : ophtalmology, dermatology, etc.



Spontaneous splitting
of one photon into two (Down conversion)
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Energy conservation |fiw, = hw, + ho,

Momentum conservation |7k, = ik, + 7k,
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Parametric Fluorescence

The exact reverse of
two-photon fusion




Example of quantum cryptography using photon pairs
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- Secure communication between Alice and Bob
- The spy, Eve, tries to read the encoded message



Stimulated splitting
of one photon into two

Difference-Frequency Generation (DFG)
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Optical Parametric Amplification (OPA)
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Cascading
of spontaneous and stimulated splitting
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Optical Parametric Generation (OPG)
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Examples of Optical Parametric Oscillators (OPO)

The LIDAR :
an eye in the atmosphere
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Nonlinear four-photon processes

Fusion of three photons <4mmm)| Sum-Frequency Generation
(Up conversion)

( ) - h
—
__________________ W,

ho,+ho, +ho, =ho, Y17 %27%
in the case of

B Third Harmonic
ik, + 7k, + ks =1k, Generation (THG)

11




Spontaneous splitting
of one photon into three
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Parametric Fluorescence
(Down conversion)
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The exact reverse of
three-photon fusion

12



Single-Stimulated splitting
of one photon into three
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Difference-Frequency Generation
Optical Parametric Amplification
(Down conversion)

Double-Stimulated splitting
of one photon into three
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The triplet of photons : a new state of light

The pioneer experiment using a KTP crystal
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Douady & Boulanger
Optics Letters 29(23) (2004)
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Boulanger, Ducci, Gérard 15
La Recherche, Hors Série, N° 14 (2015)



Photon fusion/splitting (=) Four-wave mixing (FWM)
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Used in multiphoton microscopy : spatial resolution

Laser scanning
excitation

Ti-Sa Laser
(0.7-1.0 um)

Forward
arcuate artery in unstained  detection

fibrotic murine kidney

M. Strupler et al, Opt. Express 15 (2007)
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The sphere method : a unique tool for the direct measurement of

phase-matching directions for nonlinear frequency conversion
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Example of crystal spheres cyt and studied at Institut Néel

3D- AQPM MgO:ppLN
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