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Structured light and applications
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General Paraxial Modes

Paraxial Equation
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Hermite-Gaussian Modes
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Hermite-Gaussian Modes
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Laguerre-Gaussian Modes
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Algebraic structure of paraxial wave functions

Hermite-Gauss (HG) Laguerre-Gauss (LG)

LG-HG Unitary transformation

E. Abramochkin and V. Volostnikov, 

Opt. Commun. 83, 123 (1991)
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Astigmatic mode transformations
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Self-Restoring Spot
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Self-Restoring Spot Array

B. Pinheiro da Silva et al,

Phys. Rev. Lett. 124, 033902 (2020)

Application

Dark Optical Tweezer (PUC-UFF)

Phys. Rev. Lett. 131, 163601 (2023)



Trapping in a dark focus

Thiago Guerreiro

PUC-Rio

Phys. Rev. Lett. 131, 163601 (2023)



Spin-Orbit non separability



Algebraic structure of paraxial wave functions
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Spin-orbit nonseparable modes

POLARIZATION SPATIAL
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Polarization vortices
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Spin-orbit coupling in liquid crystals

L. Marrucci, C. Manzo, and D. Paparo, 

Phys. Rev. Lett. 96, 163905 (2006)



Structured nonlinear optics
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Polarization controlled OAM operations Spin-to-OAM transfer

B. Pinheiro da Silva et al, Nanophot. 11, 771 (2022)
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Structured Light Tomography



Statement of the problem

Given an arbitrary superposition of fixed order
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Symmetry lift by astigmatic transformation



Tomography of transverse mode superpositions
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Partially coherent beams

More generally, given a coherence function
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Intensity measurements
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Tomography from intensity measurements
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Informationally complete POVM
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Experimental results in the photocount regime
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Tomography with partial information
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The Rio Quantum Network



Arquitecture



▪ Establishment of a QKD network connecting 5 institutions

▪ Development of new devices for quantum communication

▪ Promote scientific exchange

▪ Testbed for new technologies in q-comm.

▪ Integration with other national and international networks

Objectives
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Conclusions

• Quantum tomography in high dimension is a difficult task

• Intensity measurement is an easy task and provide a lot of information

• Reconstruction of structured light state in high dimension with position POVM

• Problem: informational completeness

• Solution: astigmatic transformation
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