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Diffraction limit and image resolution

f

Tâche d’Airy = PSF

Largeur 𝑙𝑟𝑒𝑠≈  λ 2𝑂𝑁



An example of super-resolved imaging: STED

MPI for Biophysical Chemistry, Medda, et al.

Exploiting non-linearity gives a sub-diffraction spot



Space time modulations

Space material

Time material

Multiple reflections and transmissions in space
Frequency is conserved

Phononic/photonic crystals…

Multiple reflections and transmissions in time!
Momentum is conserved

Floquet crystals…

Space-time material
Multiple spatio-temporal refelctions and transmissions??

Neither frequency nor momentum are conserved! 
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Concept

Pierre Bon et al.,
ACS Photonics 2022

10 µm

Information @ the center
+ scanning

?



Concept

10 µm

10 µm
𝑥

𝑧

Doppler shift:

Similar to FM modulation

Emitter
On-axis receiver
Off-axis receiver

turns



Proof of concept in acoustics

Acoustic confocal microscope Speakers at 𝜔0

XY translation stage

Rotation

Microphone



Improvement: spatiotemporal wavefront shaping

On-axis Off-axis
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Image at @ ω0

Improvement by a factor 2

Focal plane Backscattered Confocal image



Multi-harmonic imaging

More information?

Multiplexing 𝐼𝑚ω0+𝑛Ω = 𝑂𝑏𝑗 ⊗ 𝑃𝑆𝐹ω0+𝑛Ω

Focal plane backscattered

On-axis Off-axis



Image reconstruction
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Resolution improvement

Resolution :
+70% better than Confocal, +10% better than structured illumination



Is it transferrable to optics?



Optics experiment

Micro-mirrors

DMD (Digital Micromirror Device)

Resolution: 2 Mpx
Pixel: 10,8 µm 
Rate: 11 kHz

Spatial light modulator
Confocal microscope



Difference with acoustics…

DMD

𝑥

𝑦
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𝑦𝑑

Similar to acoustics
ON

Focal plane



Difference with acoustics…

DMD
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Backscattered
signal

Big difference with acoustics



𝑙𝑟𝑒𝑠
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Optical experiment
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First optical images

𝑂𝑏𝑗1𝑂𝑏𝑗0

𝐼𝑚1𝐼𝑚0

Reconstructed

Groupe 11 element 1: 
244 nm

Confocal image 

λ

Reconstruction



Actively looking for a postdoc starting in September
(who also accepts to teach 135 hours of laboratory works at ESPCI)

Announcement



THANK YOU


