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Quantum imaging: using non-classical light
properties to improve imaging system
performance beyond classical limits
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+ Methods: Phase-enhanced imaging, Ghost imaging, ...
+ Sources: Multiphoton state, bright squeezed vaccuum, ...
+ Applications: Astronomy, detection and ranging, ...

Goal: Beyond classical limits

Review: Defienne, Bowen, Chekhova, Lemos, Oron, Ramelow, Treps, Faccio. Advances in quantum imaging. Nat. Phot. 18, 1024-1036 (2024)
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Today’s problem: Aberrations in microscopy
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Today’s problem: Aberrations in microscopy
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Adaptive optics for microscopy
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Challenge: Finding the optimal SLM correction
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Today’s focus : Improving adaptive optics using entangled photons

Part 1. Overcome aberrations
using photon correlations



The source: Spatially-entangled photon pairs
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The source: Spatially-entangled photon pairs
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The source: Spatially-entangled photon pairs

Intensity image [singles]

Single-photon Avalanche Diode
(SPAD) array

Exposure time: 10ns

X
Single-photon

Sensitive camera Correlation image (G®) [coincidences]

. y1tY2

CW-Laser
405nm | 100mwW

Fourier

@ imaging X1+ X5
15




The source: Spatially-entangled photon pairs

Intensity image [singles]

Single-photon Avalanche Diode
(SPAD) array

Exposure time: 1.3s

Single-photon
Sensitive camera

L) Yit+Y2

CW-Laser
405nm | 100mwW

Fourier

@ imaging X1+ X5
16




The source: Spatially-entangled photon pairs
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The source: Spatially-entangled photon pairs
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Photon correlations < Optical aberrations
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Adaptive optics with correlated photons
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Adaptive optics with correlated photons
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Adaptive optics with correlated photons
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Adaptive optics with correlated photons
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Adaptive optics with correlated photons
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Adaptive optics with correlated photons
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Application to microscopy

Intensity

Correlations

Aberrations After correction Ground truth
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Universal aberrations metric
Direct PSF access
No guidestar
No contrast/ specimen dependent
No wavefront sensor

Practical drawbacks
Slow iterative process
Very weak flux
Needs entangled photon pair

Cameron, Courme, Verniére, Pandya, Faccio, Defienne Science 383, 1142-1148 (2024)
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Today’s focus : Improve adaptive optics using entangled photons

Part 2. Bypass scattering
with entanglement
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Imaging through scattering
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Imaging through scattering
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Imaging through scattering
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Imaging through scattering
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Imaging through scattering
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Correlations and entanglement
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Correlations and entanglement
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“Quantum correlations are more resistant against changes of the basis than

ordinary correlations in separable states.”
Spengler, Huber, Brierley, Adaktylos, Hiesmayz. PRA, 86(2), 022311 (2012)



Imaging through scattering
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Imaging through scattering
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Entanglement-based imaging through scattering
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Entanglement-based imaging through scattering
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Entanglement-based imaging through scattering
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Entanglement-based imaging through scattering
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Entanglement-based imaging through scattering
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Application: a quantum-classical filter
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Conclusion: Light-based quantum technology — Imaging

Overcome aberrations using photon
correlations

Bypass scattering with entanglement

Quantum idea Quantum idea
v v
New technique: New concept/technique: quantum-classical
correlation-based adaptive optics information filter

Application to Microscopy Application ?
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