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In 2018, the group of Federico Capasso published this very interesting work: “Three-
Dimensional Measurement of the Helicity-Dependent Forces on a Mie Particle.”, Phys. Rev. Lett.
120, 22. physrevlett.120.223901.pdf. That work showed that a Mie particle in an evanescent field
ought to experience optical forces that depend on the helicity of the totally internally reflected beam.
We will provide a summary of the theory work leading to these discoveries.

More than 60 years ago it was shown that interfaces between optical media (including dielectrics,
metals, negative-index materials) can support surface electromagnetic waves, which now play crucial
roles in plasmonics, metamaterials, and nano-photonics. We have shown that surface Maxwell waves
at interfaces between homogeneous isotropic media described by real permittivities and
permeabilities have a topological origin explained by the bulk-boundary correspondence.
Importantly, the topological classification is determined by the helicity operator, which is generically
non-Hermitian even in lossless optical media. The corresponding topological invariant, which
determines the number of surface modes, is a Z4 number (or a pair of Z2 numbers) describing the
winding of the complex helicity spectrum across the interface. Our theory provides a new twist and
insights for several areas of wave physics: Maxwell electromagnetism, topological quantum states,

non-Hermitian wave physics, and metamaterials.

K.Y. Bliokh, D. Leykam, M. Lein, F. Nori, Topological non-Hermitian origin of surface Maxwell waves, Nature
Communications 10, 580 (2019). [PDF][Link_1][Link_2][arXiv][Suppl. Info.]

K.Y. Bliokh, D. Smirnova, F. Nori, Quantum spin Hall effect of light, Science 348, 1448-1451 (2015). [PDF] [Link]
[arXiv]. Perspectives [Science 348, 1432 (2015)].

K. Y. Bliokh, A. Y. Bekshaev, F. Nori, Extraordinary momentum and spin in evanescent waves, Nature Communications
5, 3300 (2014). [PDF][Link][arXiv]

A.Y. Bekshaev, K.Y. Bliokh, F. Nori, Transverse spin and momentum in two-wave interference, Phys. Rev. X 5, 011039
(2015). [PDF][Link][arXiv]

K.Y. Bliokh and F. Nori, Transverse and longitudinal angular momenta of light, Physics Reports, Volume 592, 26
(August 2015), Pages 1-38 (2015). A 38-pages review [PDF][Link][arXiv]

Dipartimento MIFT
Coordinatore del Dottorato di Ricerca in Fisica Prof.ssa V. Crupi — vcrupi@unime.it — 0906765004
Responsabile Unita’ di Staff Didattica Dott.ssa P. Donato — pdonato@unime.it — 0906765448



mailto:ltorrisi@unime.it
mailto:pdonato@unime.it

DIPARTIMENTO DI SCIENZE
¥4 MATEMATICHE E INFORMATICHE,
SCIENZE FISICHE E SCIENZE DELLA TERRA

Dottorato di Ricerca in Fisica

Related work:

K.Y. Bliokh, F. Nori, Transverse spin of a surface polariton, Phys. Rev. A 85, 061801 (2012). [PDF][Link][arXiv]; K.Y.
Bliokh, A.Y. Bekshaev, F. Nori, Dual electromagnetism: helicity, spin, momentum, and angular momentum, New J. Phys.
15, 033026 (2013). [PDF][Link][arXiv];

K.Y. Bliokh, J. Dressel, F. Nori, Conservation of the spin and orbital angular momenta in electromagnetism, New J.
Phys. 16, 093037 (2014). [PDF][Link][arXiv];

K. Y. Bliokh, Y. S. Kivshar, F. Nori, Magnetoelectric Effects in Local Light-Matter Interactions, Phys. Rev. Lett. 113,
033601 (2014). [PDF][Link][arXiv]; K.Y. Bliokh, F.J. Rodriguez-Fortuno, F. Nori, A.V. Zayats, Spin-orbit interactions
of light. Nature Photonics 9, p. 796-808 (2016). 13-pages review, including our results. [PDF][Link][arXiv];

M. Antognozzi, et al., Direct measurements of the extraordinary optical momentum and transverse spin-dependent force
using a nano-cantilever, Nature Physics, 3732 (2016). [PDF][Link][arXiv].

C. Triolo, A. Cacciola, S. Patane, R. Saija, S. Savasta, F. Nori, Spin-Momentum Locking in the Near Field of Metal
Nanoparticles, ACS Photonics 4, pp. 2242-2249 (2017). [PDF][Link][arXiv]

Extensions to Acoustic Waves
K.Y. Bliokh, F. Nori, Transverse spin and surface waves in acoustic metamaterials, Phys. Rev. B 99, 020301(R) (2019).
[PDF][Link][arXiv]

K.Y. Bliokh, F. Nori, Spin and orbital angular momenta of acoustic beams, Phys. Rev. B 99, 174310 (2019).
[PDF][Link][arXiv]

K.Y. Bliokh, F. Nori, Klein-Gordon Representation of Acoustic Waves and Topological Origin of Surface Acoustic
Modes, Phys. Rev. Lett. 123, 054301 (2019). [PDF][Link][arXiv][Suppl. Info.]

1.D. Toftul, K.Y. Bliokh, M.I. Petrov, F. Nori, Acoustic Radiation Force and Torque on Small Particles as Measures of
the Canonical Momentum and Spin Densities, Phys. Rev. Lett. 123, 183901 (2019). [PDF][Link][arXiv][Suppl. Info.]

L. Burns, K.Y. Bliokh, F. Nori, J. Dressel, Acoustic versus electromagnetic field theory: scalar, vector, spinor
representations and the emergence of acoustic spin, New Journal of Physics 22, 053050 (2020). [PDF][Link][arXiv]

D. Leykam, K.Y. Bliokh, F. Nori, Edge modes in two-dimensional electromagnetic slab waveguides: Analogs of acoustic
plasmons, Phys. Rev. B 102, 045129 (2020). [PDF][Link][arXiv]

K.Y. Bliokh, Y.P. Bliokh, F. Nori, Ponderomotive forces, Stokes drift, and momentum in acoustic and electromagnetic
waves, Phys. Rev. A Letter 106, L021503 (2022). [PDF][Link][arXiv]

R.D. Muelas-Hurtado, K. VVolke-Sepulveda, J.L. Ealo, F. Nori, M.A. Alonso, K.Y. Bliokh, E. Brasselet Observation of
Polarization Singularities and Topological Textures in Sound Waves Phys. Rev. Lett. 129, 204301 (2022).
[PDF][Link][arXiv][Suppl. Info., Moviel, 2, 3]

Extensions to Water Waves
K.Y. Bliokh, M.A. Alonso, D. Sugic, M. Perrin, F. Nori, E. Brasselet, Polarization singularities and Mébius strips in
sound and water-surface waves, Physics of Fluids 33, 077122 (2021). [PDF][Link][arXiv]

K.Y. Bliokh, H. Punzmann, H. Xia, F. Nori, M. Shats, Field theory spin and momentum in water waves, Science Advances
8, eabm1295 (2022). [PDF][Link][arXiv][Suppl. Info.]

D.A. Smirnova, F. Nori, K.Y. Bliokh, Water-Wave Vortices and Skyrmions, Phys. Rev. Lett. 132, 054003 (2024).
[PDF][Link][arXiv][Suppl. Info

Dipartimento MIFT
Coordinatore del Dottorato di Ricerca in Fisica Prof.ssa V. Crupi — vcrupi@unime.it — 0906765004
Responsabile Unita’ di Staff Didattica Dott.ssa P. Donato — pdonato@unime.it — 0906765448



mailto:ltorrisi@unime.it
mailto:pdonato@unime.it

