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Preface

Quantum information: Encoding and processing information in
physical systems governed by Quantum Mechanics.

Basic quantum information unit: qubits. [ZIEEINY

Operations: Unitary (quantum gates) + measurements — algorithms.
Informational advantages: Superpositions and entanglement.
Examples: Quantum cryptography (BB84) and teleportation
Platforms: photons, trapped ions, superconducting circuits, etc...
Drawback: Decoherence

Our “daily bread”: Optical vortices and photonic DoFs.
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Optical vortices as entangled structures in classical optics




Paraxial Equation

(Paraxial Equation)
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Fundamental Gaussian Mode
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General Paraxial Modes

(Paraxial Equation)
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Hermite-Gaussian Modes
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Laguerre-Gaussian Modes
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Orbital angular momentum

Twisted wavefront
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Intensity

Phase (theo)

Phase (exp)

Intensity and phase of LG modes
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Holographic production of LG and HG beams

Confocal lens
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N.R. Heckenberg et al, Opt. Lett. 17, 221 (1992)
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Algebraic structure of paraxial wave functions
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Opt. Commun. 83, 123 (1991)
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Astigmatic mode transformations
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Poincaré representation

Poincaré sphere for Poincaré sphere for
polarization modes first order modes
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Quantum computation unit: QUBIT
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Spin-Orbit Modes

Tensor product in QM w) .. =|m), ®|&),
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Polarization vortices
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Spin and orbital Stokes parameters
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Polarization Stokes Parameters

Polarization projection
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Parity mode selector

Mirror reflection
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Orbital Stokes Parameters
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State tomography in QM
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Polarization Stokes parameters for vector beams
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Orbital Stokes parameters for vector beams
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Quantum mechanical counterpart
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Spatial partial trace

2

=

& (r)| d?r= ; &, [ou(r) P (r) d°r

Spatial partial trace

”~

€j

wtx
« >
K*\

Sf+55+55 =0



Orbital Stokes parameters for vector beams
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Local measurement
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Spatial and polarization filtering
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Rotation Invariance

2-qubit invariance
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Vector beam Invariance
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Polarization filtering of a vector beam

polarizer
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Creating OAM through polarization operations

2-qubit invariance
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Vector beam Invariance

8,=C0s08, +sin08, v, (r)=cosdy, (r)+isindy, (r)
&, =—sin@e, +cosfe, y,(r)=-sinby,, (r)+icosfy, (r)

A

Wy (I’) ey + iy, (r) ey _ Wy (r) €+, (r)ee
+ > \/E
0 =45 = OAM




Polarization filtering of a vector beam

A4 polarizer




Conclusions

* Fundamentals of optical OAM and transverse modes.

 Spin-orbit structural non separability in classical laser beams .

 Analogies with principles of quantum measurement theory.



