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Quantum imaging with
entangled photons

: using non-classical light
properties to improve imaging system 
performance beyond classical limits
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Goal: Beyond classical limits
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Today’s problem: Aberrations in microscopy
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Adaptive optics for microscopy

Challenge: Finding the optimal SLM correction

Bertolotti and Katz. Nat Phys, 18(9), 1008-1017 (2022) 
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Part 2. Bypass scattering
with entanglement

Part 1. Overcome aberrations
using photon correlations

Today’s focus : Improving adaptive optics using entangled photons
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The source: Spatially-entangled photon pairs
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The source: Spatially-entangled photon pairs

EMCCD Tpx3camSPAD array

Moreau et al. PRA 86,010101 (2012) | Tasca et al. Nat.Com.3,984 (2012) | Defienne et al. PRL 120(20),203604 (2018)
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Cameron, Courme, Vernière, Pandya, Faccio, Defienne  Science 383, 1142-1148 (2024)
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Application to microscopy

Universal aberrations metric
Direct PSF access
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No wavefront sensor

Practical drawbacks
Slow iterative process

Very weak flux
Needs entangled photon pair

Cameron, Courme, Vernière, Pandya, Faccio, Defienne  Science 383, 1142-1148 (2024)
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AO with photon correlations feedback

Cameron, Courme, Vernière, Pandya, Faccio, Defienne  Science 383, 1142-1148 (2024)

𝐺(2) = 𝐾 PSF ∗ 𝑃𝑆𝐹 2

Universal aberrations metric

Use in existing microscopes
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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)
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Entanglement-based imaging through scattering
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Vernière, Defienne. PRL 133, 093601 (2024)



Entanglement-based imaging through scattering
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Entanglement-based imaging through scattering

Classical shaping No scatteringNo shaping

Intensity image

Intensity image

« Tailored »
scattering medium

𝑆 ≠ 𝐼𝑑

Correlation image

Correlation imageClassical light
Entangled photons

Vernière, Guitter, Courme, Defienne. Nature Physics (2026, in press)
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Application: a quantum-classical filter
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Entangled photons

Quantum « filter »

Dr. Xin Huang
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Transmit images through scattering media
using non-classical optimization

Entanglement is crucial

A quantum-classical filter

Courme, Vernière, Joly, Faccio, Gigan, Defienne.  Optica (2026, in press) | Vernière, Guitter, Courme, Defienne. Nature Physics (2026, in press)



Conclusion: Light-based quantum technology → Imaging 

Overcome aberrations using photon 
correlations

Quantum idea

New technique: 
correlation-based adaptive optics

Application to Microscopy

Bypass scattering with entanglement

Quantum idea

New concept/technique: quantum-classical
information filter

Application ?
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