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

Quantum entanglement is one of the most fascinating features of quantum physics and today
is the cornerstone of quantum technologies. Photons can be entangled in different degrees of
freedom, such as polarization or spatial modes [1]. The latter has been certified several times
[2]; however, these experiments contain an important loophole, namely, the independent
measurement of position and momentum. Since the Bell inequality (certification) is linked to
the Heisenberg uncertainty principle, these two quantities —position and momentum —must
be measured simultaneously in order to close the loophole.
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The project consists on moving towards the measurement of genuine spatial entanglement by
closing this loophole. The project will start observing quantum interference in a free-space
interferometer, and, if time allows, will follow with the detection of spatial entanglement
using single-photon avalanche diode cameras.

The student will be part of the Optoelectronics group at ICFO, led by Prof. Valerio Pruneri,
working closely with members of the quantum imaging team in order to take advantage of the
group’s expertise in quantum optics.
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3. Objectives (maximum 1 page):
1) Understanding of quantum optical experiments, spatial entanglement, and quantum
interferometry
2) Manipulation of SPAD cameras

Additional information (if needed):
* Required skills:
- Motivation to work and passion for fundamental quantum physics

* Miscellaneous:
Stipend: yes, for details please enquire when applying
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