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Abstract

This study introduces a novel laser architecture for shaping light's spatio-temporal distribution,
enhancing applications in photonics and quantum computation by manipulating light's key
properties. This breakthrough in structured photonics offers versatile, practical scientific
applications.

Introduction

Randy Lemons et al.'s study presents a groundbreaking laser architecture in photonics for
manipulating light. This architecture uniquely combines beams to adaptively control light's
amplitude, phase, polarization, and more. A key innovation is integrating spatio-temporal control
in the laser, enabling advanced light manipulation and new research opportunities in light-matter
interactions. The study details the technology, including phased arrays and beam synthesis.
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Figure I: The experimental setup involves a multi-channel fiber array, each channel being coherent and sharing a common
Carrier-Envelope Phase (CEP) stabilized front end. This setup allows for independent control of phase (i), amplitude (Ai),
polarization state (Lemons 2021)

The authors' architecture features a coherent multi-channel fiber array system for precise control
over amplitude, phase, and polarization of each channel. This system, adept at handling kilowatt-
level power, is ideal for applications like light bullets where high peak power can cause damage.
It draws from phased array techniques to synthesize beams with vortex and orbital angular
momentum.

Comprising N=7+1 fiber-based beamlines from femtosecond lasers, each beamline (except the
reference) is actively manipulated and monitored. They incorporate phase modulators using
FPGA technology for user-specified phase relationships. After polarization maintenance via
circularly birefringent fibers, the beams combine into a composite beam, which is then measured
and analyzed via a photodiode.
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Figure Il: Experimental findings on the evolution of polarization topography are presented, along with associated near-field
configurations (upper left) and Stokes projections (lower section) for different types of coherent synthesis: alternating linear (a),
asymmetric linear (b), and asymmetric circular polarization (c).

Lemons and colleagues also developed a method where different light beams, adjusted with
varying parameters, were combined into a single unique beam (refer to figure 2). These findings
were visualized using an InGaAs camera and image matching for topological graphs. In the
polarization aspect of their experiment, they experimented with three types of polarizations:
alternating linear, asymmetric linear, and asymmetric circular. These patterns were achieved
using a quarter-wave plate, a half-wave plate, and a polarizing beam splitter, each altering the
polarization in specific ways. The polarization vector maps were then created using Stoke’s
parameters (S0, S1, S2, $3), which helped in analyzing the total intensity. Mathematically, they
can be expressed as follows:

So = Egy + E§,
A Egy
S, = 2ExEqycosb
S3 = 2EqxEoysind

S, represents the optical beam’s total intensity, S; represents the ratio of horizontal to vertical
polarization, S, the degree of angled polarization (£45°), and S5 represents the left or eight
circular polarizations.

Methods

The paper details the use of FPGA-based LOCSET for multi-channel phase modulation,
involving seven channels with aligned optical phases for control and modulation. This technique
uses an avalanche photodiode, known for higher carrier production and sensitivity compared to
PIN photodiodes, to overlap the channels. While it amplifies both signal and noise, LOCSET
effectively manages power size and phase-locking across channels.

The approach is similar to Gregory W. Allan's "Target-in-the-loop (TIL) Phasing" from his
article. TIL Phasing uses light intensity variations to determine optical path differences,
considering all phase errors. Allan also discusses LOCSET and a multi-dither approach with
different frequencies for each element, analyzed by an RF photodiode. Dithering randomizes
quantization error, reducing its impact. LOCSET, akin to FDMA in communications, scales well
but is limited by SNR and phase actuator bandwidth. Lemons overlaps the channels of a
photodiode and Allen describes modulating frequencies within the bandwidth of phase actuators,
but the overall goal is to synchronize the phase of laser sources to achieve coherent output. The



overarching theme here is that both Allan and Lemons use LOCSET for synchronizing laser
phases, crucial for high precision and power applications.

Results and Interpretation

The experimental results presented in the paper are compelling. They demonstrate the practical
feasibility and effectiveness of the architecture in creating structured light. The ability to
generate light bullets with programmable structures and the creation of adaptive and dynamic
field singularities are particularly notable. These results showcase the architecture's capability in
real-world applications.

However, the paper is somewhat dense and technical, which might limit its accessibility to a
broader audience. The complexity of the concepts and the extensive use of specialized
terminology require a solid background in photonics and laser technology to fully appreciate the
study's implications.

Conclusion

In conclusion, the research by Lemons et al. is a remarkable contribution to the field of
structured light. It opens new horizons for exploring and exploiting the structural versatility of
light. The potential applications of this technology in various scientific and industrial fields are
vast, making it a significant step forward in photonics research.
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