www.nature.com/scientificreports

SCIENTIFIC
REPORTS

natureresearch

Using the Belinfante momentum
to retrieve the polarization state of
light inside waveguides

Vincent Ginis?*, Lulu Liu?, Alan She! & Federico Capasso®*

Current day high speed optical communication systems employ photonic circuits using platforms

such as silicon photonics. In these systems, the polarization state of light drifts due to effects such as
polarization mode dispersion and nonlinear phenomena generated by photonic circuit building blocks.
As the complexity, the number, and the variety of these building blocks grows, the demand increases
for an in-situ polarization determination strategy. Here, we show that the transfer of the Belinfante
momentum to particles in the evanescent field of waveguides depends in a non-trivial way on the
polarization state of light within that waveguide. Surprisingly, we find that the maxima and minima of
the lateral force are not produced with circularly polarized light, corresponding to the north and south
poles of the Poincaré sphere. Instead, the maxima are shifted along the great circle of the sphere due
to the phase differences between the scattered TE and TM components of light. This effect allows for an
unambiguous reconstruction of the local polarization state of light inside a waveguide. Importantly, this
technique depends on interaction with only the evanescent tails of the fields, allowing for a minimally
invasive method to probe the polarization within a photonic chip.

The study of optical forces on particles sized roughly the wavelength of light began, essentially, with the work
of Arthur Ashkin and the publication of his 1986 paper on the first optical trap’. Still a relatively young field of
study?, the manipulation of matter using optical forces has thus far found relevance in optical cooling?, in the
handling of biomolecules**, in high-precision force measurements®, and as a method of actuation’"'*, sorting'®!7,
and self-assembly® of particles and devices, among others.

The optical forces acting on a microparticle in an evanescent field are visualized in Fig. 1A. For a Rayleigh
particle, the force has two components: a gradient force (F,) that pulls the particle towards the region of highest
field intensity, proportional to the gradient of the field, and a scattering force (F,) that pushes the particle along
the propagation direction of the evanescent wave, proportional to the linear momentum of the wave'®.

However, as the particle size increases, the interaction with the evanescent wave becomes more complex
In the Mie regime, the scattering force is no longer entirely directed along the propagation direction of the eva-
nescent wave. It obtains not only a component in the gradient z direction but, surprisingly, also a component in
the out-of-plane y direction, whose sign depends on the helicity of the incident light?>~%*. This force is a conse-
quence of the non-zero curl of the spatial profile of the spin angular momentum?® in an evanescent wave and is
thus directly related to the Belinfante momentum?'. Scientists have shown that these “lateral forces” can be found
in a variety of configurations, using different types of particles and incident field distributions®*-*’.

In this letter, we investigate the lateral force acting on microparticles in the vicinity of an evanescent field.
More specifically, we derive the general dependence of the forces as a function of the polarization state of the
evanescent field and the optical properties of the interacting particles. We uncover a specific resonant phenome-
non, where the size of the particle determines not only the amplitude of the forces, but also the polarization state,
located on the Poincaré sphere, for which the maximal lateral force can be obtained. Finally, we show that this
phenomenon can be used to measure the polarization state of light inside waveguides. Polarization is a slightly
ambiguous concept for electromagnetic modes inside waveguides. In this context, it should be understood that
polarization denotes the modal decomposition onto the waveguide TE and TM modes, which differs from the
strict traditional interpretation of polarization in free space.
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Figure 1. The different forces acting on a dielectric particle in the evanescent field above a surface. (A)
Schematic description of our setup: the incident light (red beam) that generates the evanescent wave can have
any polarization state represented by the green dot on the Poincaré sphere in (B). (B,C) together illustrate

the mapping, Eq. (1), from the Poincaré sphere onto a rectangular grid. (D-F) show the forces that acton a

100 nm radius silicon particle on top of a silicon-water interface as a function of the incident polarization state.
Simulations details of the incident Gaussian beam: power Py= 100 m W, beam width w,= 10 ptm, incident angle
0;,=45° and free-space wavelength A\, =1.550 pm.

We start by considering a single interface between dielectric media. This analysis is shown in Figs 1 and 2.
Subsequently, we add additional interfaces along the z- and the y-axis and simulate the force that is generated
above a realistic waveguide. This is shown in Fig. 3.

To derive a general picture of the polarization-dependence of this lateral force, we expand the incident polar-
ization in terms of the fundamental eigenmodes of the system (TE and TM polarized waves):

— — . 6D
Ej,. = cos(¥)Ery + sin(¥)e'”Erg. (1)
Here, Enc refers to the incident field hitting the interface in the lower medium. ETE is oriented along the

y-axis, while EFM contains both x- and z-components. The full expression of the evanescent field is given in the
Supplemental Materials’.

Doing so, we introduce a convenient mapping of the Poincaré sphere on a two-dimensional plane, as visual-
ized in Fig. 1B,C. Indeed, we can associate each state on the Poincaré sphere (green dot) with the two angles ¢
and ¢, as defined in Eq. (1). Note that, in this projection, light propagating through a wave-plate simply moves
along one of the lines of fixed 1. The same is true for an optical mode propagating in a birefringent waveguide.
We evaluate the scattered fields of the dielectric sphere using Mie theory and calculate the forces directly from the
Mie scattering coeflicients, extending the formalism derived in ref.? to permit arbitrary incident polarizations
of light. The details of these calculations are given in the Supplemental Materials'. Fig. ID-F shows the results
of this calculation for the optical forces acting on a 100 nm radius silicon nanoparticle in an evanescent field of
arbitrary polarization. Here, we are assuming the particle is 50 nm away from the interface. It is immediately clear
that the forces in the x and the z directions do not depend on the relative phase difference ¢ between the TE and
TM components of the polarization. There is, however, a nontrivial dependence of these forces as a function of
the relative angle of the TE and TM component . Importantly, the lateral force (F)) is the only component that
is sensitive to the relative phase, ¢, and, in this case, it reaches its maximum and minimum for purely left- and
right-circularly polarized light (1) =7/4, ¢ = £7/2), in agreement with the theoretical prediction that the force is
proportional to the helicity of the incident light.

However, this picture is not generally true. We demonstrate in Fig. 2 that the maximum and minimum of the
lateral force, F, are not necessarily located at the north and south poles of the Poincaré sphere, corresponding to
purely right and left hand circularly polarized (RCP and LCP) light. Instead, the location of the maximum and
minimum of the lateral force in the (¢, ¢) plane shifts in the ¢ direction as the particle size increases. Figure 2A-
D demonstrates this shift for particles with radii 200 nm, 250 nm, 300 nm, and 350 nm, respectively. The other
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Figure 2. The dependence of the lateral force on the particle’s resonance dynamics. The lateral force acting on
a silicon particle as a function of the polarization state of the incident beam for several radii: (A) 4 =200 nm,
(B) a=250nm, (C) a=300 nm, (D) a =350 nm. (E) The maximum and the minimum of the lateral force as a
function of the particle radius (green lines), along with the force found at LCP (blue line) and RCP (red line).
(F) The location on the Poincaré sphere-relative phase difference ¢—where the maximum/minimum occurs.
Simulations details identical to Fig. 1.

parameters in the model, such as wavelength, propagation constant, and refractive index, are fixed. Notice, for
instance, the direction of the lateral force reverses for corresponding polarization states in Fig. 2A,D.

The physical origin of this shift is a phase difference between scattered TM and TE components of light, which
manifests itself in the Mie regime, generating an extra contribution to the total helicity of the scattered light.
In Fig. 2E, we highlight the difference between the maximal lateral force (green lines) and the lateral force that
corresponds to the RCP and LCP polarization states (red/blue lines). For small particle sizes, this difference is
negligible. But deeper into the Mie regime, the maximum lateral force oscillates as a function of particle size-a
traditional Mie resonance signature. At the same time, the difference between the lateral force maximum/min-
imum and the force at LCP and RCP light increases. In Fig. 2F, we then plot the ¢ value on the Poincaré sphere,
where the maximum and minimum in the lateral force occurs. The same resonant behavior is visible here: on res-
onance, the maxima and minima are shifted away from the south and north pole. To eliminate all other potential
contributions to the helicity, we assumed, in these calculations, that the scattering phase at the interface is iden-
tical for both polarizations. A similar result is found when considering a traditional interface with asymmetric
transmission coefficients. As shown in the Supplemental Material, differences in the transmission phases generate
an extra shift in the ¢ direction on the Poincaré sphere®.

The specific phase sensitivity of the lateral force, and the manner in which it changes with probe size, is a
unique feature that can be exploited for a minimally invasive measurement of the polarization state of light inside
a waveguide. Indeed, in recent years, interest has grown in developing efficient techniques that allow for sensitive
probing of the polarization state of light*!=*°.

A schematic of our technique is provided in Fig. 3A. Consider the equilibrium position of a small, Rayleigh
particle above a waveguide. As a result of the birefringent nature of most rectangular waveguides, the modal field
profile along a waveguide cross section is changing as the light propagates through the waveguide. In Fig. 3A,
we plot a cross section of the electric field norm of a mode with »=7/4 and ¢ =0, as obtained from full-wave
numerical simulations (COMSOL)". At the interface between the waveguide and its surroundings, the electric
field is maximized at an offset y, away from the center of the waveguide. This offset varies as a function of the
relative amplitudes (¢) of the TE and TM modes as well as the propagation distance inside the waveguide-or,
equivalently, the phase difference (¢) between the two modes. This is visualized in Fig. 3B, where we plot the
electric field strength along the top interface of the waveguide. The red line traces out the location of the electric
field maximum. This line corresponds to the lateral equilibrium location of a small Rayleigh particle: although the
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Figure 3. Using the lateral force for local, minimally invasive waveguide polarization sensing. (A) The cross
section of a silica-embedded, rectangular silicon waveguide, showing the norm of the electric field. The
measurement involves the comparison of the equilibrium locations of a small particle (y,) and a larger Mie
particle (y,+ Ay). y, is defined as the shift of the 50 nm silicon particle away from the center of the waveguide.
Ay is defined as the displacement of the 300 nm particle relative to the 50 nm particle. (B) Topview of a
waveguide, showing the oscillating behaviour of the field intensity along the propagation direction. The effective
index of the TE and the TM mode equals 2.42 and 2.17, respectively. (C,D) y, for a 50 nm silicon particle and Ay
for a 300 nm silicon particle as a function of the Poincaré plane. (E) The contours corresponding with a specific
measurement of y, and Ay.

spin-lateral force is present, it is negligible for a dipolar particle. In Fig. 3C, this equilibrium position, y,, of our
small particle is visualized as a function of ¢ and ¢.

The function y,(1, ¢) must be inverted to determine the polarization state within the waveguide. Most general
displacements y, map to a continuum of states describing a roughly elliptical contour line in Fig. 3C. To select the
correct polarization state out of this continuum, one needs another piece of information. Because of its interac-
tion with the Belinfante momentum, the displacement of a larger Mie particle will, in general, not be the same as
the displacement of a small particle. Along with the gradient force which attracts the large particle towards the
highest intensity position y,, there is a non-zero lateral force that pushes the particle away from the equilibrium
position of the smaller particle, resulting in an additional displacement, Ay. Although the details of this setup are
different from the simple TIR-setup, analysed in Figs 1 and 2, we found that the same results remains valid in the

case of a rectangular waveguide, where the linearly polarized vectors FTE and FTM need to be replaced by the
fundamental even (TE-like) and odd (TM-like) modes of the waveguide, both characterized by spatially variant
field profiles”. To find the equilibrium position of the larger particle (y=y,+ Ay), one needs to balance the extra
lateral force with the restoring force that pulls the particle towards the position of highest field intensity:
Ay=F,/k,. For a 300 nm radius silicon particle, Ay(), ¢) is visualized in Fig. 3D. The two measurements, y,
(small particle) and Ay (large particle), can be superimposed in the polarization plane (¢, ¢) as two
non-overlapping contours. An example is shown in Fig. 3(E). The possible polarization is thus limited to one of
the two intersection points of these contour lines. The correct intersection can be chosen using the asymmetry in
scattering strength (see Fig. S3(H)) in combination with a calibration of the scattering intensity of light from the
particle. As a result, the correct polarization state can be unambiguously extracted'®. This measurement can be
optimized by picking appropriate radii for the particles, generating a large phase mismatch between Fig. 3C,D.
In the simulations that are presented in this manuscript we have not included the effects of the trapping beam,
which would be used to position the probe particles close to the surface. Although this beam would influence the
dynamics of the probe particle, it should not influence its equilibrium location. The effects of the trapping beam
can thus be eliminated using a calibration procedure that is typically used when making sensitive force measure-
ments?’. We also assumed that the effects of multiple reflections between the particle and the surface of the wave-
guide can be neglected. These reflections can give second-order contributions to evanescent field optical forces™.
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In conclusion, our study shows that the recently discovered lateral force, acting on a Mie particle in an evanes-
cent field, depends in a non-trivial way on the resonance dynamics of those particles. Interestingly, this behaviour
can be used to retrieve the polarization state of light inside waveguides. The lateral force, acting on a particle in
the evanescent field of a waveguide is highly polarization dependent and the equilibrium location of two par-
ticles with accurately chosen sizes in the vicinity of a waveguide thus allows for the unambiguous reconstruc-
tion of every possible polarization state inside the waveguide. Interestingly, we can reconstruct both amplitude
and phase by simply relying on local measurements. In a traditional scattering NSOM experiment, e.g., the full
polarization (amplitude and phase) of the field is found using interferometry of the wave scattered of the tip and
a reference signal. The working wavelength throughout the paper is 1550 nm. It is important to note that the
presented method can be used in any wavelength regime, assuming the waveguide has guided modes for that
wavelength. In our analysis the waveguide is surrounded by water because this is the most convenient medium for
a proof-of-concept experiment. In addition to the celebrated examples of actuation, sorting, and spectroscopy, we
thus demonstrate that lateral forces can be used as a tool to develop a local, minimally invasive polarimetry probe.

Received: 9 April 2019; Accepted: 18 September 2019;
‘Published online: 16 October 2019

References

1. Ashkin, A., Dziedzic, J. M., Bjorkholm, J. E. & Chu, S. Observation of a single-beam gradient force optical trap for dielectric
particles. Opt. Lett. 11, 288 (1986).

2. Grier, D. G. A revolution in optical manipulation. Nat. 424, 810-816 (2003).

3. Li, T., Kheifets, S. & Raizen, M. G. Millikelvin cooling of an optically trapped microsphere in vacuum. Nat. Phys. 7, 527-530 (2011).

4. Svoboda, K., Schmidt, C., Schnapp, B. & Block, S. Direct observation of kinesin stepping by optical trapping interferometry. Nat.
365,721-727 (1993).

5. Wang, M. D,, Yin, H,, Landick, R., Gelles, J. & Block, S. M. Stretching DNA with optical tweezers. Biophys. journal 72, 1335-1346
(1997).

6. Neuman, K. K. C. & Nagy, A. Single-molecule force spectroscopy: optical tweezers, magnetic tweezers and atomic force microscopy.
Nat. Methods 5,491-505 (2008).

7. Povinelli, M. L. et al. High-Q enhancement of attractive and repulsive optical forces between coupled whispering-gallerymode
resonators. Opt. express 13, 8286-8295 (2005).

8. Eichenfield, M., Michael, C. P, Perahia, R. & Painter, O. Actuation of micro-optomechanical systems via cavity-enhanced optical
dipole forces. Nat. Photonics 1, 416-422 (2007).

9. Li, M. et al. Harnessing optical forces in integrated photonic circuits. Nat. 456, 480-484 (2008).

10. Wiederhecker, G. S., Chen, L., Gondarenko, A. & Lipson, M. Controlling photonic structures using optical forces. Nat. 462, 633-636
(2009).

11. Van Thourhout, D. & Roels, J. Optomechanical device actuation through the optical gradient force. Nat. Photonics 4, 211-217
(2010).

12. Liu, M., Zentgraf, T, Liu, Y., Bartal, G. & Zhang, X. Light-driven nanoscale plasmonic motors. Nat. nanotechnology 5, 570-573
(2010).

13. Ginis, V., Tassin, P., Soukoulis, C. M. & Veretennicoff, I. Enhancing optical gradient forces with metamaterials. Phys. review letters
110, 057401 (2013).

14. Xuereb, A., Genes, C., Pupillo, G., Paternostro, M. & Dantan, A. Reconfigurable long-range phonon dynamics in optomechanical
arrays. Phys. review letters 112, 133604 (2014).

15. Descheemaeker, L., Ginis, V., Viaene, S. & Tassin, P. Optical force enhancement using an imaginary vector potential for photons.
Phys. Rev. Lett. 119, 137402 (2017).

16. MacDonald, M., Spalding, G. & Dholakia, K. Microfluidic sorting in an optical lattice. Nat. 426, 421-424 (2003).

17. Jonds, A. & Zemanek, P. Light at work: The use of optical forces for particle manipulation, sorting, and analysis. Electrophor. 29,
4813-4851 (2008).

18. Cizmdr, T, Romero, L. D., Dholakia, K. & Andrews, D. Multiple optical trapping and binding: new routes to self-assembly. J. Phys.
B: At. Mol. Opt. Phys. 43, 102001 (2010).

19. See Supplemental Material at http://link... for a detailed discussion of the analytical and numerical calculations of the optical forces
acting on particles in an evanescent field, and the simulation details of the lateral forces and the equilibrium positions on top of
waveguides.

20. van de Hulst, H. C. Light Scattering by Small Particles (John Wiley and Sons, Inc., NY, 1957).

21. Barton, J., Alexander, D. & Schaub, S. Theoretical determination of net radiation force and torque for a spherical particle illuminated
by a focused laser beam. J. Appl. Phys. 66, 4594-4602 (1989).

22. Almaas, E. & Brevik, I. Radiation forces on a micrometer-sized sphere in an evanescent field. J. Opt. Soc. Am. B 12, 2429-2438
(1995).

23. Liu, L., Kheifets, S., Ginis, V. & Capasso, F. Subfemtonewton force spectroscopy at the thermal limit in liquids. Phys. Rev. Lett. 116,
228001 (2016).

24. Liu, L., Kheifets, S., Ginis, V., Di Donato, A. & Capasso, E Elliptical orbits of microspheres in an evanescent field. Proc. Natl. Acad.
Sci. 114, 11087-11091 (2017).

25. Bliokh, K. Y., Bekshaev, A. Y. & Nori, F. Extraordinary momentum and spin in evanescent waves. Nat. Commun. 5, 3300 (2014).

26. Bliokh, K. Y., Smirnova, D. & Nori, E Quantum spin hall effect of light. Sci. 348, 1448-1451 (2015).

27. Bliokh, K. Y., Rodriguez-Fortuo, F. J., Nori, F. & Zayats, A. V. Spin-orbit interactions of light. Nat. Photonics 9, 796 (2015).

28. Antognozzi, M. et al. Direct measurements of the extraordinary optical momentum and transverse spin-dependent force using a
nano-cantilever. Nat. Phys. 12, 731-735 (2016).

29. Liu, L. et al. Three-dimensional measurement of the helicity-dependent forces on a mie particle. Phys. Rev. Lett. 120, 223901 (2018).

30. Albaladejo, S., Marqués, M. I, Laroche, M. & Saenz, J. J. Scattering forces from the curl of the spin angular momentum of a light
field. Phys. review letters 102, 113602 (2009).

31. Bliokh, K. Y. & Nori, E Transverse and longitudinal angular momenta of light. Phys. Reports 592, 1-38 (2015).

32. Wang, S. & Chan, C. Lateral optical force on chiral particles near a surface. Nat. Commun. 5,3307 (2014).

33. Rodriguez-Fortuiio, E. ], Engheta, N., Martinez, A. & Zayats, A. V. Lateral forces on circularly polarizable particles near a surface.
Nat. Commun. 6, 8799 (2015).

34. Bekshaev, A. Y., Bliokh, K. Y. & Nori, F. Transverse spin and momentum in two-wave interference. Phys. Rev. X 5,011039 (2015).

35. Hayat, A., Mueller, J. B. & Capasso, F. Lateral chirality-sorting optical forces. Proc. Natl. Acad. Sci. 112, 13190-13194 (2015).

SCIENTIFIC REPORTS |

(2019) 9:14879 | https://doi.org/10.1038/s41598-019-51028-9


https://doi.org/10.1038/s41598-019-51028-9

www.nature.com/scientificreports/

36. Alizadeh, M. & Reinhard, B. M. Emergence of transverse spin in optical modes of semiconductor nanowires. Opt. express 24,
8471-8479 (2016).

37. Chen, H,, Liang, C., Liu, S. & Lin, Z. Chirality sorting using two-wave-interference-induced lateral optical force. Phys. Rev. A 93,
053833 (2016).

38. Espinosa-Soria, A. & Martinez, A. Transverse spin and spin-orbit coupling in silicon waveguides. IEEE Photonics Technol. Lett. 28,
1561-1564 (2016).

39. Zhang, T. et al. All-optical chirality-sensitive sorting via reversible lateral forces in interference fields. ACS Nano 11, 4292-4300
(2017).

40. Bliokh, K. Y., Leykam, D., Lein, M. & Nori, F. Topological non-hermitian origin of surface Maxwell waves. Nat. communications 10,
580 (2019).

41. Azzam, R. M. & Bashara, N. M. Ellipsometry and polarized light (North-Holland. sole distributors for the USA and Canada, Elsevier
Science Publishing Co., Inc., 1987).

42. Laux, E., Genet, C., Skauli, T. & Ebbesen, T. W. Plasmonic photon sorters for spectral and polarimetric imaging. Nat. Photonics 2,
161-164 (2008).

43. Afshinmanesh, E, White, J. S., Cai, W. & Brongersma, M. L. Measurement of the polarization state of light using an integrated
plasmonic polarimeter. Nanophotonics 1, 125-129 (2012).

44. Wen, D. et al. Metasurface for characterization of the polarization state of light. Opt. express 23, 10272-10281 (2015).

45. Pors, A., Nielsen, M. G. & Bozhevolnyi, S. I. Plasmonic metagratings for simultaneous determination of stokes parameters. Opt. 2,
716-723 (2015).

46. Mueller, J. B., Leosson, K. & Capasso, F. Ultracompact metasurface in-line polarimeter. Opt. 3, 42-47 (2016).

47. Pors, A. & Bozhevolnyi, S. I. Waveguide metacouplers for in-plane polarimetry. Phys. Rev. Appl. 5, 064015 (2016).

48. Espinosa-Soria, A., Rodriguez-Fortuiio, E ., Griol, A. & Martinez, A. On-chip optimal stokes nanopolarimetry based on spin—orbit
interaction of light. Nano Lett. 17, 3139-3144 (2017).

49. Wei, S., Yang, Z. & Zhao, M. Design of ultracompact polarimeters based on dielectric metasurfaces. Opt. Lett. 42, 1580-1583 (2017).

50. Nieto-Vesperinas, M., Chaumet, P. & Rahmani, A. Near-field photonic forces. Philos. Transactions Royal Soc. Lond. Ser. A: Math.
Phys. Eng. Sci. 362, 719-737 (2004).

Acknowledgements
We acknowledge the support of NSF GFRP grant number DGE1144152 and the Research Foundation Flanders
grant number 1209115N.

Author contributions

V.G., L.L,, A.S. and EC. conceived the theory to calculate the Belinfante forces and invented the mechanism
to retrieve the polarization state of light inside birefringent waveguides. V.G. and L.L. wrote the numerical
algorithms. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-51028-9.

Correspondence and requests for materials should be addressed to V.G. or E.C.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

v License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2019) 9:14879 | https://doi.org/10.1038/s41598-019-51028-9


https://doi.org/10.1038/s41598-019-51028-9
https://doi.org/10.1038/s41598-019-51028-9
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Using the Belinfante momentum to retrieve the polarization state of light inside waveguides

	Acknowledgements

	Figure 1 The different forces acting on a dielectric particle in the evanescent field above a surface.
	Figure 2 The dependence of the lateral force on the particle’s resonance dynamics.
	Figure 3 Using the lateral force for local, minimally invasive waveguide polarization sensing.




