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China’s Top 10 Optical Breakthroughs: Research Progress of
Photonic Skyrmion
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Abstract Recently, photonic skyrmion as a topological nontrivial structure has attracted widely research attention. Due
to their ultracompact size, high stability, and diversity of topologies, photonic skyrmions have potential value in
applications of high-resolution polarization imaging, high-density optical information storage, and high-precision
displacement sensing. In this paper, the fundamental mechanisms and the excitation and detection methods of photonic
skyrmion are introduced, and the domestic and foreign state-of-the-art studies on the photonic skyrmion in different optical
systems are summarized. In view of the deep-subwavelength features of the photonic skyrmion, the recent research
progress of the applications of photonic skyrmions is also reviewed , and its future development is analyzed and prospected.
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Fig. 1 Analysis of the vector distributions of a skyrmion™”. (a) Mapping from a skyrmion configuration to the unit sphere; (b) transverse

vector distribution at given radii of the skyrmions with various values of m and y
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Fig. 3 Photonic spin skyrmion in the eOV™. (a) Intensity distribution of the eOV (bottom) and distribution of photonic spin orientation

in the centre of the vortex (top); (b) cross section of the energy flux along the radial direction (bottom) and spin vector variation (top)
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(a) Near-field optical spin scanning system based on a dielectric-nanoparticle-on-film configuration modulated by the intensity

masks with sixfold or fourfold symmetry apertures; (b) (¢) measured longitudinal SAM component and reconstructed spin

orientation of the skyrmion spin lattice; (d)-(e) corresponding results of the meron spin lattice
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Fig. 8 Measurement of the photonic spin texture of the TE mode"™. (a) Schematic of a waveguide structure; (b) schematic of the Ag

core and Si shell nanosphere; (c) measured longitudinal SAM component of the single skyrmion, meron, and skyrmion lattice;

(d) reconstructed local spin orientation
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Fig. 10 Dynamics of the electric field of the photonic spin texture, the scale bars in Fig. 10(c)-(e) are As,p=530 nm"". (a) Schematic of
the PEEM experiment for SPP vortex generation and the SAM texture; (b) SEM image of Archimedean coupling structure
etched on an Ag film; (¢) static PEEM image of the SPP vortex; (d) time-resolved PEEM images of SPP field amplitude as the

delay is advanced from z to 7+0. 9 fs; (e) corresponding FDTD results
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Fig. 12

bimeronic beams onto a 3D Poincaré-like sphere, which shows complete transformations among diverse topological textures'”;

Photonic skyrmion based on the Stokes parameters. (a) Normalized Stokes parameters in a Poincaré sphere”™’; (b) mapping of

]

(c) 3D polarization texture of the fully structured light where each Hopf fiber is constructed by a trajectory of a certain

polarization ellipse”; (d) conformal frequency conversion of optical skyrmions defined by Stokes vectors'"
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Fig. 14 Photonic skyrmions in different optical systems. (a) Dynamics of the pseudospin and position of the light beam as it traverses a

synthetic magnetization texture™; (b) spatial topological structure of magnetic vector fields for the supertoroidal light pulses”;

(¢) LSP skyrmions supported by ultrathin space-coiling meta-structures™; (d) device consisting of a microwave resonator with

8-fold symmetry and feeding network and the generated spoof LSP skyrmion™”
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Near-field scanning based on
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Near field scanning optical or light

photoemission electron microscope
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Fig. 15 Position control of the photonic skyrmion. (a) Schematic of grating structure and the shape and position of the skyrmions, and

three SPP standing waves are generated in the center”; (b) dynamic position control of photonic spin skyrmions with the use of

a phase profile imposed by a spatial light modulator”
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Fig. 16 Interaction between photonic skyrmions and different materials. (a) Schematic of the skyrmion pair with topological charges of

opposite-signs and the sensing curve”™; (b) schematic of the generation of a photonic skyrmion on the surface of a thin Co

film™”; (c) schematic of the opposite transverse spins of the coupled surface plasmons and the calculated spin textures™;

(d) schematic of dielectric-metal multilayer periodic structures and the skyrmion texture formed in the =2 plane'
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