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Electric field skyrmion configuration
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Cite as: S. Tsesses ef al., Science
10.1126/science.aau0227 (2018).

Optical skyrmion lattice in evanescent electromagnetic
fields

S.Tsesses', E. Ostrovsky', K. Cohen', B. Gjonaj*, N. Lindner®, G. Bartal'*

Andrew and Erna Viterbi Department of Electrical Engineering, Technion-Israel Institute of Technology, 3200003 Haifa, Israel. *Faculty of Medical Sciences, Albanian
University, Durrés Street, Tirana 1000, Albania. *Physics Department, Technion—Israel Institute of Technology, 3200003 Haifa, Israel.

*Corresponding author. Email: guy@ee.technion.ac.il

Topological defects play a key role in a variety of physical systems, ranging from high-energy to solid
state physics. A skyrmion is a type of topological defect that has shown promise for applications in the
fields of magnetic storage and spintronics. We show that optical skyrmion lattices can be generated using
evanescent electromagnetic fields and demonstrate this using surface plasmon polaritons, imaged by
phase-resolved near-field optical microscopy. We show how the optical skyrmion lattice exhibits
robustness to imperfections while the topological domain walls in the lattice can be continuously tuned,
changing the spatial structure of the skyrmions from bubble-type to Néel-type. Extending the generation
of skyrmions to photonic systems provides various possibilities for applications in optical information
processing, transfer and storage.
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Why use the SPP to realize the optical skyrmion?

Answer: transferring the 3D vector field from the unit sphere to
plane, SPP propagate in plane and evanescent in z direction to flip
the electric field.
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3D vector sphere mapping to 2D vector configuration

Box 1 | Topological characteristics

The vector field to construct a 2D skyrmion, denoted as n(z,y) = [n.(z,y),ny,(x,y), n.(z,y)], can be represented
as the vector distribution unwrapped from the vectors on a sphere parametrized by longitude, «, and latitude,
3, angles (Fig. . The topological property of a skyrmionic configuration can be characterized by the skyrmion

number defined as
1 Jdn On

Neel-style Bloch-style Anti-style Bi-meron

Nat. Photonics in press,(2024) doi: 10.1038/s41566-023-01325-7
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Various optical skyrmion configuration
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Acoustic transverse spin in evanescent surface wave
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Acoustic spin-momentum lock
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Acoustic vector velocity field skyrmion

PHYSICAL REVIEW LETTERS 127, 144502 (2021)

Observation of Acoustic Skyrmions

Hao Ge,"' Xiang-Yuan Xu,”"" Le Liu,' Rui Xu,' Zhi-Kang Lin,* Si-Yuan Yu.'” Ming Bao,’
Jian-Hua Jizmg,'g"Jr Ming-Hui Lu 245% and Yan-Feng Chen'™*
"National Laboratory of Solid State Microstructures & Department of Materials Science and Engineering,
Nanjing University, Nanjing, Jiangsu 210093, China
*Key Laboratory of Noise and Vibration Research, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China
School of Physical Science and Technology, Soochow University, Suzhou 215006, China
“Jiangsu Key Laboratory of Artificial Functional Materials, Nanjing, Jiangsu 210093, China
*Collaborative Innovation Center of Advanced Microstructures, Nanjing University, Nanjing 210093, China
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However, based on the surface wave interference approach, the acoustic skyrmions not
only have stringent requirement for external excitation conditions and lattice structure
symmetry but also have the limitations of single-mode skyrmions at a given frequency.
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Observation of localized acoustic skyrmions
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Localized manipulation of spoof surface acoustic
skyrmions with deep-subwavelength gradient
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