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Abstract

This thesis explores the generation, manipulation, and characterization of polar-
ization singularities in structured light fields using innovative optical techniques.
Polarization singularities, such as C-points and V-points, are topological features of
vector beams that hold immense potential in singular optics. The work presented
here is centered on developing efficient, controllable methods for creating singular
beams, analyzing their properties, and studying their behavior under various condi-

tions.

Novel strategies, including the use of Dammann gratings and phase ramps via spatial
light modulators, are implemented to generate polarization singularity lattices with
tunable indices and handedness. Composite polarization vortices are realized using
a common-path polarization interferometer. This composite vortex is surrounded
by C-point rings, and their properties are investigated through Stokes field analy-
sis. Furthermore, a robust interference-based approach is proposed to identify and
resolve degeneracy in the index. By finding spin and orbital angular momentum
components, the degeneracy is lifted. The analysis of interference fringes with a

tilted reference beam enables direct determination of the Stokes indices.

Furthermore, the effect of optical aberrations—specifically astigmatism—is inves-
tigated both theoretically and experimentally. By analyzing the transformation
of intensity profiles under varying astigmatic strengths, the study demonstrates a
quantifiable relationship between the aberration and the singularity structure. This
provides a new method for characterizing both polarization singularities and lens

aberrations, with implications in optical metrology and adaptive optics.

Theoretical predictions are consistently validated through detailed simulations and
precise experiments, highlighting the practicality and accuracy of the proposed tech-
niques. The findings have important implications for optical metrology, beam diag-
nostics, adaptive optics, and applications in optical trapping and free-space commu-

nication systems.
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Variation of the lobes’ orientation difference as a function of astig-
matism for polarization singular beams with indices n = 1,2, and
3. The graph illustrates how the orientation difference increases with
astigmatism. . . . . . . ...
Experimental setup. SF: spatial filter, L: lens, P: polarizer, HWP:
half-wave plate, BS: beam splitter, SLM: spatial light modulator,
QWP: quarter wave plate. (a) and (b) are the samples of the Astigma-
tism phase display on the SLM. (¢) Schematic of astigmatic focusing
with different focal lengths along orthogonal axes (f, and f,).
Experimentally obtained intensity patterns of a polarization singular
beam with index n = 2 under varying degrees of astigmatism, repre-
sented by the ratio §. The top row (a—f) shows the orientation of the
lobes for increasing astigmatism values for RCP components, while
the bottom row (a’-f') presents for LCP components. The angles de-
note the measured orientation of the intensity lobes, demonstrating
the effect of astigmatism on beam transformation. . . . . . .. . . ..
Comparison of simulated and experimentally obtained lobe orienta-
tion differences as a function of astigmatism. The blue curve rep-
resents the simulated results, while the orange curve corresponds to
the experimental data. The graph demonstrates a strong agreement
between the two datasets, validating the experimental approach. . .
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Abbreviations

PS Poincaré Sphere

HOPS  Higher Order Poincaré Sphere
HyOPS Hybrid Order Poincaré Sphere
PH Poincaré Hopf

OAM Orbital Angular Momentum
SAM Spin Angular Momentum
SPP Spiral Phase Plate

SLM Spatial Light Modulator

SOP State Of Polarization

RCP Right Circularly Polarization
LCP Left Circularly Polarization
HWP Half Wave Plate

QWP Quarter Wave Plate

PBS Polarizing Beam Splitter

BS Beam Splitter

SC Stokes Camera
ov Optical Vortex
DG Dammann Grating

CGHs  Computer Generated Holograms
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Symbols

S

St 33

p,q

807 Sl? 527 S3

azimuthal angle

phase shift

phase of optical field

radial coordinates

C-point index

Poincaré-Hopf index
wavelength

reduced Planck’s constant
charge of optical vortex
electric field

azimuth of polarization ellipses
ellipticity of polarization ellipses

Stokes parameters
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