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Abstract: It is well-known that in a Kerr nonlinear cavity driven by a plane wave,
diffraction may give rise to an instability that results in the formation of stationary
spatial patterns in the transverse profile of the transmitted beam [1]. We
demonstrate that when a nonlinear (Kerr) cavity is pumped by a beam carrying
orbital angular momentum (OAM), the resultant Turing patterns form on concentric
rings that rotate [2]. We show analytically that the speed of rotation is ω=2m⁄R2 ,
demonstrating that it can be controlled both by the magnitude of the OAM, m, and
by the radius of the ring, R. We verify this prediction using Laguerre-Gaussian
pumps and top-hat pumps carring OAM. Using cylindrical vector beam [3] pumps
that consist of orthogonally polarized eigenmodes with equal and opposite OAM we
show that we can obtain full control over the angular velocity of the pattern in the
range -2m⁄R^2 ≤ω≤2m⁄R^2 by changing the relative weightings of the eigenmodes.

Using Poincaré beams [4] that consist of orthogonally polarized eigenmodes with
different magnitudes of OAM, m_L,m_R, we show that the resultant angular
velocity is ω=((m_L+m_R ))⁄R^2 if there is good overlap between the eigenmodes.
However, if there is no, or very little, overlap between the modes then concentric
Turing pattern rings, each with angular velocity ω=(2 m_(L,R))⁄R^2 will result.  >>

Dr. Alison Yao
Strathclyde University

Nonlinear optical processes driven by structured light

Abstract: We will discuss the interplay between different degrees of freedom in
nonlinear optical processes. In particular, the conditions for radial-angular coupling
are investigated, leading to selection rules for the transverse mode coupling in the
nonlinear process. Enriching the mode coupling with polarization and longitudinal
modes leads to interesting applications such as polarization controlled switching
between different orbital angular momentum outputs.

Prof. Antonio Zelaquett Khoury
Fluminense Federal University

Monday 9th | 13h00 (GMT)

Control of spatially rotating solutions in a 
self-focusing Kerr cavity

Monday 9th | 13h30(GMT)



This can lead to, for example, concentric, counter-rotating Turing patterns creating
an optical peppermill-type structure, as shown.

Full control over the speeds of multiple rings has potential applications in particle
manipulation and stretching, atom trapping, and circular transport of cold atoms and
BEC wavepackets.

References [1] L. A. Lugiato and R. Lefever, Phys. Rev. Lett. 58, 2209 (1987). [2] A. M. Yao, C. J. Gibson & G.-L.
Oppo, Opt. Express 27, 31273 (2019). [3] Q. Zhan, Adv. Opt. Photon. 1, 1 (2009). [4] A. M. Beckley, T. G. Brown, and
M. A. Alonso, Opt. Express 18, 10777 (2010).

Optical mode conversion through nonlinear medium

Abstract: Research on spatially structured light has seen an explosion in activity
over the past decades, made possible by versatile technologies to design complex
light fields and driven by questions of fundamental science as well as engineering
applications. The vector nature of light matters in all physical systems that are
affected by interference in its many guises, including diffraction, scattering, and
nonlinear processes, and by interaction with matter that has a polarization-sensitive
symmetry. In this talk I will present an overview on vectorial light-matter interaction
and our own experiments at Glasgow.

Prof. Eduardo J. da S. Fonseca
Federal University of Alagoas

Monday 9th | 14h15 (GMT)

Stimulated parametric down-conversion with
structured light

Abstract: In stimulated parametric down-conversion (StimPDC), a second laser
beam is aligned with the signal down-converted beam. It work as a seed beam and
causes the stimulation of the emission of the conjugated idler beam.  >>

Prof. Paulo Henrique S. Ribeiro
Federal University of Santa Catarina

Monday 9th | 14h45 (GMT)



Besides the increase in the emission intensity, the mode structure of the idler is
changed according to the interaction between pump and seed laser beams.
StimPDC with structured light beams is possible by engineering the nonlinear
medium to allow interaction between all polarization modes. We use the two-crystal
sandwich source, designed to produce Bell states, to study the interaction between
structured pump and seed beams in StimPDC. We observe interesting phenomena,
like full phase-conjugation of structured beams and the appearance of bimodal
diffracting idler beams.

Unscrambling pixel entanglement through complex
scattering channels

Prof.  Mehul Malik 
Heriot-Watt University

Monday 9th | 16h00 (GMT)

Structured light for imaging at depth using
Airy/Bessel beams

Prof. Kishan Dholakia
University of St Andrews

Monday 9th | 16h30 (GMT)

Abstract: High-dimensional entanglement of structured light offers the potential for
noise-robust, high-capacity quantum communication networks. A central challenge
in the realisation of such networks is the ability to efficiently measure and reliably
transport high-dimensional entangled states of light. We demonstrate the
generation and measurement of two-photon macro-pixel entanglement with a
record dimensionality, quality, and measurement speed [1]. We then discuss an
experiment where we unscramble high-dimensional pixel entanglement through a
commercial multimode fibre [2]. In contrast with classical techniques, entanglement
is also used to measure the transmission matrix of the fibre. Interestingly, we are
able to regain entanglement without manipulating the fibre or the photon that
entered it.



Rotational Doppler shifts and negative frequencies

Abstract: The linear Doppler shift is familiar as the rise and fall in pitch of a siren as
it passes by. Less well known is the rotational Doppler shift, proportional to the
rotation rate between source and receiver, multiplied by the angular momentum
carried by the beam.  
In extreme cases the Doppler shift can be larger than the rest-frame frequency and
for a red shift, the observed frequency then becomes “negative.” In the linear case
this requires supersonic relative motion between the source and receiver.
However, the rotational case is different; if the radius of rotation is smaller than the
wavelength, then the velocities required to observe negative frequencies are sub-
sonic. Using an acoustic source at ≈100 Hz we create a rotational Doppler shift
larger than the laboratory-frame frequency. We observe that if the red-shifted
wave is in the “negative frequency” regime, the angular momentum associated with
the sound is reversed compared with that of the laboratory frame. These low-
velocity laboratory realizations of extreme Doppler shifts have relevance to
superoscillatory fields and offer unique opportunities to probe interactions with
rotating bodies and aspects of pseudorelativistic frame translation.

Prof. Miles Padgett
University of Glasgow

Tuesday 10th | 12h30 (GMT)

A Bose-Einstein condensate in holographically-
generated optical traps

Abstract: Holographically-generated optical traps are a promising direction in the
field of atomtronics. In this talk I will present algorithms that enable the control of a
light field (amplitude and phase) using a spatial light modulator. Various optical
patterns have been demonstrated experimentally, which have been used to trap a
rubidium Bose-Einstein condensate in linear waveguides and in ring traps. Finally, I
will explore the prospects for the realisation of vortex-antivortex superposition
states in BECs using holographically-generated light fields.

Dr. Donatella Cassettari
University of St Andrews

Tuesday 10th | 13h30 (GMT)



Structured light - structured atoms

Abstract: Research on spatially structured light has seen an explosion in activity
over the past decades, made possible by versatile technologies to design complex
light fields and driven by questions of fundamental science as well as engineering
applications. The vector nature of light matters in all physical systems that are
affected by interference in its many guises, including diffraction, scattering, and
nonlinear processes, and by interaction with matter that has a polarization-sensitive
symmetry. In this talk I will present an overview on vectorial light-matter interaction
and our own experiments at Glasgow.

Prof. Sonja Franke-Arnold
University of Glasgow

Structured Tweezers

Abstract: Optical tweezers are a widely used tool with applications from physics to
biology. Generally, tweezers employ Gaussian light beams to trap dielectric particles.
In this talk we will explore possibilities concerning the use of structured light beams
in optical tweezers, and discuss potential experiments at the intersection of biology
and physics.

Prof. Thiago Guerreiro
Pontifical Catholic University of Rio de Janeiro

Spontaneous Formation of Vector Vortex Beams in
Vertical-Cavity Surface-Emitting Lasers with Feedback

Prof. Thorsten Ackemann
Strathclyde University

Tuesday 10th | 14h15 (GMT)

Tuesday 10th | 14h45 (GMT)

Wednesday 11th | 12h30 (GMT)



Abstract: Broad-area vertical-cavity surface-emitting lasers (VCSELs) with feedback
from an external cavity emerged as a highly controllable and versatile tool to
investigate spatio-temporal self-organization. The high circular symmetry of
VCSELs also allows for the investigation of vectorial effects in light-matter coupling.
I will present investigations on the spontaneous appearance of vector vortex beams
in a VCSEL with frequency-selective feedback with a radial, spiral and hyperbolic
polarization structure and their interpretation as high order vectorial solitons. The
role of the feedback loop in controlling birefringence will be elucidated.

Four state minimum tomography for characterizing
Poincaré Beams

Abstract: In the four state minimum tomography scheme, four non-coplanar vectors
define four measurements operators
that govern the detector readings and form a POVM. These four vectors form a
tetrahedron in the Poincaré sphere,
and the states defined by the vectors in the sphere are used for building the four
POVM elements.
This scheme has been sucessfully applied to the complete tomography of a single
photon qubit in polarization degree of freedom and to the tomography
of a qubit and two qubit-states in photon path degrees of freedom with a minimum
number of measurements. It was inspired in previous ellipsometry works where four
detectors are used for measuring the state of polarization of a light beam as specified
by the four Stokes parameters.
I will discuss how this scheme can be applied for characterizing vectorial beams. The
charaterization scheme was used for the measurement of the
Stokes parameters of Poincaré beams. The experiment was realized at the Sonja
Franke-Arnold´s laboratory of optics of the University of Glasgow. I acknowledge
the support of CAPES through the CAPES-PRINT program that supported my stay at
University of Glasgow.

Prof. Sebastião Pádua
Federal University of Minas Gerais

Wednesday 11th | 13h30 (GMT)



Abstract: The wavefront modulation produced by periodic gratings is the most
common type of spatial structure one can impose on a laser beam. Interestingly, this
periodic modulation enforces conditions for interference maxima that are,
themselves, also periodic both in the near and the far fields. In this talk, I will show
how this simple type of spatial modulation can be used to setup a multi-dimensional
Stern-Gerlach experiment for spatial variables single-photons. The experiment is
then interpreted in terms of unbiasedness of measurements performed in conjugate
variables, such as the linear position and momentum of quantum particles. Our
results shed light into the problem of defining practical unbiased measurements for
continuous variables systems and their use in quantum information protocols.

Multi-dimensional Stern-Gerlach type experiments 
with spatially structured light

Prof. Daniel S. Tasca
Fluminense Federal University 

Wednesday 11th | 14h15 (GMT)

Propagation of transverse parameters in linear 
and nonlinear classical optics

Abstract: The information carried by a wavefront often can be expressed in terms
of parameters as the beam width, divergence angle, or orbital angular momentum.
In this talk, I will discuss how these parameters can be effectively described as
transverse averages in the paraxial optics regime. The evolution of these average
parameters can be described rigorously using a relation analogous to a Heisenberg
equation for quantum mechanical operators, but here considered as average
quantities over the classical light wavefront. In the linear optics regime, several
well-known results such as the conservation of orbital angular momentum or of the
beam propagation parameter can be verified straightforwardly. The connection
between paraxial effective quantities and Heisenberg operators can also be useful
to verify quantum mechanical-like features in the wavefront.   >>

Prof. Anderson M. Amaral 
Federal University of Pernambuco

Wednesday 11th | 14h45 (GMT)



In the nonlinear optics regime, the obtained evolution equations make it much
easier to describe the propagation of realistic beams in thin and thick nonlinear
media. For spectroscopic measurements, it is worth mentioning that this
description allows an absolute calibration of the beam parameters used in the D4σ
technique, such only the unknown optical constants are the free parameters.


