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1. Summary of the subject (maximum 1 page):

Two-photon absorption (TPA) is a nonlinear optical process of major relevance in imaging and
biophotonics. Conventionally, TPA requires high-intensity pulsed lasers due to the low simultaneous
photon absorption probability. However, entangled two-photon absorption (¢€TPA) can significantly
enhance this process by exploiting quantum correlations between photon pairs, enabling nonlinear
interactions even at much lower photon fluxes [1].

The aim of this project is to demonstrate eTPA using the human retina as a biological detector. This
will involve building a bright, pulsed spontaneous parametric down-conversion (SPDC) source
tailored to emit entangled photon pairs in a spectral range compatible with retinal two-photon
sensitivity.

The student will contribute to the development of the SPDC source, optimize its brightness and
temporal correlations [2], and participate in designing the delivery optics. A critical part of the work
involves implementing quantum delay lines and coupling systems to ensure high-purity photon
delivery to the retina. The system will be aligned and tested using single-photon detectors and
coincidence electronics.

The project will be carried out in collaboration with nonlinear optics experts in ICFO and vision
science experts from the University of Murcia, who will oversee psychophysical testing and assist in
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interpreting visual response data. This interdisciplinary research lies at the intersection of quantum
optics and neuroscience and may contribute to new methods in quantum bioimaging, visual
stimulation, and the fundamental understanding of nonlinear light-matter interactions in biology [3,4].

2. Objectives:

- Review the state-of-the-art in entangled two-photon absorption and its biological applications.

- Design and implement a pulsed SPDC source optimized for retinal sensitivity, in the 900—1100 nm
range.

- Implement filtering, mode coupling, and entanglement control techniques to maximize photon-pair
brightness and indistinguishability.

- Simulate the optical and temporal profile of the entangled beam at the eye and assess safety
constraints.

- Analyse experimental results and compare perceptual thresholds against classical and quantum TPA
models.

Additional information:

It is desirable that the student has basic knowledge of experimental optics, LabView and Python
programming.
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