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Optimal backward light scattering by 
dipolar particles 
Jorge Olmos-Trigo, Diego R. Abujetas, 
Cristina Sanz-Fernández, José A. Sánchez-
Gil, and Juan José Sáenz 
Phys. Rev. Research 2, 013225 (February 27, 
2020) 

 
The near-zero forward intensity condition for light scattering by a dielectric dipolar 

sphere is usually associated with the generalized second Kerker condition, at which 

equal amplitude electric and magnetic dipolar responses are phase-shifted by π. As we 

show, this condition does lead to optimal backward light scattering for a given 

scattering cross section. However, it is clearly insufficient to give rise to the nearly 

zero optical forward scattering, in striking contrast to the actual view of the problem. 

In fact, we show that the generalized second Kerker condition leads to an energy 

radiation pattern that ranges all possible optical scattering diagrams depending on the 

total scattering cross section. Interestingly, we demonstrate that optimization of 

backward intensity, near the electric and magnetic dipolar resonances, leads to the 

counterintuitive result of a far-field energy radiation pattern with nearly zero 

backscattering. 

Enhanced spin-orbit optical mirages from 
dual nanospheres 
Jorge Olmos-Trigo, Cristina Sanz-Fernández, 
Aitzol García-Etxarri, Gabriel Molina-Terriza, 
F. Sebastián Bergeret, and Juan José Sáenz 
Phys. Rev. A 99, (29 January 29, 2019)  

Spin-orbit interaction of light can lead to the so-called optical mirages, i.e., a perceived 

displacement in the position of a particle due to the spiraling structure of the scattered 

light. In electric dipoles, the maximum displacement is subwavelength and does not 

depend on the optical properties of the scatterer. Here we will show that the optical 

mirage in high refractive index dielectric nanoparticles depends strongly on the ratio 

between electric and magnetic dipolar responses. When the dual symmetry is satisfied 

(at the first Kerker condition), there is a considerable enhancement (far above the 

wavelength) of the spin-orbit optical mirage which can be related to the emergence of 

an optical vortex in the backscattering direction. 

Optofluidic control of the dispersion of 
nanoscale dumbbells 
M. Meléndez, N. Alcázar-Cano, R. P. Peláez, 
J. J. Sáenz, and R. Delgado-Buscalioni 
Phys. Rev. E 99, 022603 (February 7, 2019) 
  

Previous research has shown that gold nanoparticles immersed in water in an optical 

vortex lattice formed by the perpendicular intersection of two standing light waves 

with a π/2 rad phase difference will experience enhanced dispersion that scales with 

the intensity of the incident laser. We show that flexible nanoscale dumbbells (created 

by attaching two such gold particles by means of a polymer chain) in the same field 

display different types of motion depending on the chain length and field intensity. We 

have not disregarded the secondary optical forces due to light scattering. The 

dumbbells may disperse, rotate, or remain trapped. For some values of the parameters, 

the (enhanced) dispersion possesses a displacement distribution with exponential tails, 

making the motion anomalous, though Brownian. 
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Size-Selective Optical Printing of Silicon 
Nanoparticles through Their Dipolar 
Magnetic Resonance 
Cecilia Zaza, Ianina L. Violi, Julián Gargiulo, 
Germán Chiarelli, Ludmilla Schumacher, Jurij 
Jakobi, Jorge Olmos-Trigo, Emiliano Cortes, 
Matthias König, Stephan Barcikowski, 
Sebastian Schlücker, Juan José Sáenz, 
Stefan A. Maier and Fernando D. Stefani 
ACS Photonics 6, 815 (March 7, 2019) 

 
Silicon nanoparticles possess unique size-dependent optical properties due to their 

strong electric and magnetic resonances in the visible range. However, their 

widespread application has been limited, in comparison with other (e.g., metallic) 

nanoparticles, because their preparation on monodisperse colloids remains 

challenging. Exploiting the unique properties of Si nanoparticles in nano- and 

microdevices calls for methods able to sort and organize them from a colloidal 

suspension onto specific positions of solid substrates with nanometric precision. We 

demonstrate that surfactant-free silicon nanoparticles of a predefined and narrow (σ < 

10 nm) size range can be selectively immobilized on a substrate by optical printing 

from a polydisperse colloidal suspension. The size selectivity is based on differential 

optical forces that can be applied on nanoparticles of different sizes by tuning the light 

wavelength to the size-dependent magnetic dipolar resonance of the nanoparticles. 

Asymmetry and spin-orbit coupling of light 
scattered from subwavelength particles 
Jorge Olmos-Trigo, Cristina Sanz-Fernández, 
F. Sebastián Bergeret, and Juan José Sáenz 
Optics Letters 44, 1762 (April 1, 2019) 

 
Light scattering and spin-orbit angular momentum coupling phenomena from 

subwavelength objects, with electric and magnetic dipolar responses, are receiving an 

increasing interest. Under illumination by circularly polarized light, spin-orbit 

coupling effects have been shown to lead to significant shifts between the measured 

and actual position of particles. Here we show that the remarkable angular dependence 

of these “optical mirages” and those of the intensity, degree of circular polarization 

(DoCP), and spin and orbital angular momentum of scattered photons are all linked, 

and fully determined, by the dimensionless “asymmetry parameter” 𝑔, being 

independent of the specific optical properties of the scatterer. Interestingly, for 𝑔≠0, 

the maxima of the optical mirage and angular momentum exchange take place at 

different scattering angles. We further show that the 𝑔 parameter is exactly half of the 

DoCP at a right-angle scattering, which opens the possibility to infer the whole angular 

properties of the scattered fields by a single far-field polarization measurement. 
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Narrow Fano resonances in Si 
nanocylinder metasurfaces: Refractive 
index sensing 
Diego R. Abujetas, Juan J. Sáenz and José A. 
Sánchez-Gil 
Journal of Applied Physics 125, 183103 (May 
14, 2019) 

 
All dielectric metasurfaces are attracting great attention for their potential to control 

light reflection and transmission at the nanoscale. Here, we make use of a coupled 

electric/magnetic dipole formulation for a periodic array of high-refractive-index 

cylinders to analytically explore the emergence of Fano resonances for both s- and p-

polarized waves. Strong Fano resonances with large Q-factors are found in Si 

nanocylinder metasurfaces as a result of the lattice-induced interplay between electric 

and magnetic dipole resonances, where the narrow resonances are connected to bound 

states in the continuum supported by the lattice. The impact on the refractive index of 

the surrounding medium is analyzed, revealing that such simple all dielectric 

metasurfaces are suitable for refractive-index sensing devices with figures of merit of 

two orders of magnitude. 

Sectoral multipole focused beams 
J. Olmos-Trigo, M. Meléndez, R. Delgado-
Buscalioni, and J. J. Sáenz 
Optics Express 27, 16384 (May 27, 2019) 

 
We discuss the properties of pure multipole beams with well-defined handedness or 

helicity, with the beam field a simultaneous eigenvector of the squared total angular 

momentum and its projection along the propagation axis. Under the condition of 

hemispherical illumination, we show that the only possible propagating multipole 

beams are “sectoral” multipoles. The sectoral dipole beam is shown to be equivalent 

to the non-singular time-reversed field of an electric and a magnetic point dipole 

Huygens’ source located at the beam focus. Higher order multipolar beams are vortex 

beams vanishing on the propagation axis. The simple analytical expressions of the 

electric field of sectoral multipole beams, exact solutions of Maxwell’s equations, and 

the peculiar behaviour of the Poynting vector and spin and orbital angular momenta in 

the focal volume could help to understand and model light-matter interactions under 

strongly focused beams. 

Role of the absorption on the spin-orbit 
interactions of light with Si nano-particles 
Jorge Olmos-Trigo, Cristina Sanz-Fernández, 
Diego R. Abujetas, Aitzol García-Etxarri, 
Gabriel Molina-Terriza, José A. Sánchez-Gil, 
F. Sebastián Bergeret and Juan José Saénz 
Journal of Applied Physics 126, 033104 (July 
18, 2019) 

 
The conservation of the photon total angular momentum in the incident direction in an 

axially symmetric scattering process is a very well known fact. Nonetheless, the 

redistribution of this conserved magnitude into its spin and orbital components, an 

effect known as the spin-orbit interaction (SOI) of light, is still a matter of active 

research. Here, we discuss the effect of the absorption on the SOI in the scattering of a 

subwavelength silicon particle. Describing the scattering process of an electric and a 

magnetic dipole, we show via the asymmetry parameter that the SOI of light in the 

scattering of high refractive index nanoparticles endures in the presence of optical 

losses. This effect results in optical mirages whose maximum values surpass those of 

an electric dipolar scatterer. 
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Light Induced Inverse-Square Law 
Interactions between Nanoparticles: “Mock 
Gravity” at the Nanoscale 
J. Luis-Hita, M. I. Marqués, R. Delgado-
Buscalioni, N. de Sousa, L. S. Froufe-Pérez, 
F. Scheffold, and J. J. Sáenz 
Phys. Rev. Lett. 123, 143201 (October 2, 
2019) 

 
The interaction forces between identical resonant molecules or nanoparticles, optically 

induced by a quasimonochromatic isotropic random light field, are theoretically 

analyzed. In general, the interaction force exhibits a far-field oscillatory behavior at 

separation distances larger than the light wavelength. However, we show that the 

oscillations disappear when the frequency of the random field is tuned to an absorption 

Fröhlich resonance, at which the real part of the particle’s electric polarizability is zero. 

At the resonant condition, the interaction forces follow a long-range gravitylike inverse 

square distance law which holds for both near- and far-field separation distances. 

Brewster quasi bound states in the 
continuum in all-dielectric metasurfaces 
from single magnetic-dipole resonance 
meta-atoms 
Diego R. Abujetas, Ángela Barreda, Fernando 
Moreno, Juan J. Sáenz, Amelie Litman, Jean-
Michel Geffrin & José A. Sánchez-Gil  
Scientific Reports 9, 16048 (November 5, 
2019) 

 
Bound states in the continuum (BICs) are ubiquitous in many areas of physics, 

attracting special interest for their ability to confine waves with infinite lifetimes. 

Metasurfaces provide a suitable platform to realize them in photonics; such BICs are 

remarkably robust, being however complex to tune in frequency-wavevector space. 

Here we propose a scheme to engineer BICs and quasi-BICs with single magnetic-

dipole resonance meta-atoms. Upon changing the orientation of the magnetic-dipole 

resonances, we show that the resulting quasi-BICs, emerging from the symmetry-

protected BIC at normal incidence, become transparent for plane-wave illumination 

exactly at the magnetic-dipole angle, due to a Brewster-like effect. While yielding 

infinite Q-factors at normal incidence (canonical BIC), these are termed Brewster 

quasi-BICs since a transmission channel is always allowed that slightly widens 

resonances at oblique incidences. This is demonstrated experimentally through 

reflectance measurements in the microwave regime with high-refractive-index mm-

disk metasurfaces. Such Brewster-inspired configuration is a plausible scenario to 

achieve quasi-BICs throughout the electromagnetic spectrum inaccessible through 

plane-wave illumination at given angles, which could be extrapolated to other kind of 

waves. 
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Field-Mediated Chirality Information 
Transfer in Molecule–Nanoparticle Hybrids 
Aitzol García-Etxarri, Jesús M. Ugalde, Juan 
José Sáenz and Vladimiro Mujica 
J. Phys. Chem. C 2020, 124, 2, 1560 
(December 18, 2019) 

 
Chirality is a defining property of optically active molecules, i.e., those capable of 

having an asymmetric Raman response to circularly polarized light or rotating the 

plane defined by the two vector components of the associated electromagnetic field. It 

also plays a fundamental role in the mechanism of spin polarization induced by 

electron transport. We present herein a theory and computational support for a largely 

unexplored mechanism of chirality information transfer mediated by the 

electromagnetic field. This novel phenomenon is responsible for causing a chiral-like 

optical Raman response in an otherwise achiral molecule located tens of nanometers 

apart in a nanostructure. The mechanism for this striking result, which has been 

observed experimentally, is completely different from the conventional geometric 

chirality transfer associated with chemical bonds and involves a full self-consistent 

treatment of the electric and magnetic polarizability responses of the chiral unit and 

the propagating field carrying information about the inversion symmetry breaking at 

the molecule–nanoparticle interface caused by the presence of the chiral moiety. 

Spin control of macroscopic objects 
Jorge Olmos-Trigo & Juan José Sáenz  
Nature Photonics 12, 444 (July 27, 2018) 

 

Spin-dependent lateral optical forces, 100,000 times larger than those reported so far, 

can lead to displacements of centimetre-sized objects observable by the naked eye. 

Living Nanospear for Near-Field Optical 
Probing 
Yuchao Li, Hongbao Xin, Yao Zhang, 
Hongxiang Lei, Tianhang Zhang, Huapeng 
Ye, Juan José Saenz, Cheng-Wei Qiu and 
Baojun Li 
ACS Nano 12, 10703 (September 28, 2018) 

 
Optical nanoprobes, designed to emit or collect light in the close proximity of a sample, 

have been extensively used to sense and image at nanometer resolution. However, the 

available nanoprobes, constructed from artificial materials, are incompatible and 

invasive when interfacing with biological systems. In this work, we report a fully 

biocompatible nanoprobe for subwavelength probing of localized fluorescence from 

leukemia single-cells in human blood. The bioprobe is built on a tapered fiber tip apex 

by optical trapping of a yeast cell (1.4 μm radius) and a chain of Lactobacillus 

acidophilus cells (2 μm length and 200 nm radius), which act as a high-aspect-ratio 

nanospear. Light propagating along the bionanospear can be focused into a spot with a 

full width at half-maximum (fwhm) of 190 nm on the surface of single cells. 

Fluorescence signals are detected in real time at subwavelength spatial resolution. 

These noninvasive and biocompatible optical probes will find applications in imaging 

and manipulation of biospecimens. 
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Unequivocal signatures of the crossover 
to Anderson localization in realistic 
models of disordered quasi-one-
dimensional materials 
Alejandro Lopez-Bezanilla, Luis S. Froufe-
Pérez, Stephan Roche, and Juan José Sáenz 
Phys. Rev. B 98, 235423 (December 20, 
2018) 

 
The only unequivocal known criterion for single-parameter scaling Anderson 

localization relies on the knowledge of the full conductance statistics. To date, 

theoretical studies have been restricted to model systems with symmetric scatterers, 

hence lacking universality. We present an in-depth statistical study of conductance 

distributions P(g), in disordered ‘micrometer-long’ carbon nanotubes using first 

principles simulations. In perfect agreement with the Dorokov-Mello-Pereyra-Kumar 

scaling equation, the computed P(g) exhibits a nontrivial, non-Gaussian, crossover to 

Anderson localization which could be directly compared with experiments. 

Emergence of collective dynamics of gold 
nanoparticles in an optical vortex lattice 
R. Delgado-Buscalioni, M. Meléndez, J. Luis-
Hita, M. I. Marqués, and J. J. Sáenz 
Phys. Rev. E 98, 062614 (December 21, 
2018)  

Gold nanoparticles moving in an aqueous solution under an optical vortex lattice are 

shown to present a complex collective optofluidic dynamics. Above a critical field 

intensity and concentration, the system presents a spontaneous transition toward 

synchronized motion, driven by the interplay between nonconservative optical forces, 

thermal fluctuations, and hydrodynamic pairing. Above criticality, the system exhibits 

swarm behavior with strong unidirectional currents of nanoparticles reaching speeds 

of centimeters per second. This relatively simple optofluidic setup offers an alternative 

way to control nanoparticle transport in aqueous environments. 

Generalized Brewster effect in high-
refractive-index nanorod-based 
metasurfaces 
Diego Romero Abujetas, José A. Sánchez-Gil, 
and Juan José Sáenz 
Optics Express 26, 31523 (2018) 

 
The interference between electric and magnetic dipolar fields is known to lead to 

asymmetric angular distributions of the scattered intensity from small high refractive 

index (HRI) particles. Properly designed all-dielectric metasurfaces based on HRI 

spheres have been shown to exhibit zero reflectivity, a generalized Brewster’s effect, 

potentially for any angle, wavelength and polarization of choice. At normal incidence, 

the effect is related to the absence of backscattering from small dielectric spheres or 

disks at the, so-called, first Kerker condition. In contrast, homogeneous HRI cylinders 

do not fulfil the first Kerker condition due to the mismatch between the local electric 

and magnetic density of states. In this work, we show that although a zero back-

scattering condition can never be achieved for individual cylinders, when they are 

arranged in a periodic array their mutual interaction leads to an anomalous Kerker 

condition, leading to a generalized Brewster’s effect in a nanorod-based metasurface. 

We derive a coupled electric and magnetic dipole (CEMD) analytical formulation to 

describe the properties of a periodic array of HRI nanorods in full agreement with exact 

numerical calculations. 
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Band gap formation and Anderson 
localization in disordered photonic 
materials with structural correlations 
Luis S. Froufe-Pérez, Michael Engel, Juan 
José Sáenz, and Frank Scheffold 
PNAS 114, 9570 (September 5, 2017) 
 

 
Disordered dielectric materials with structural correlations show unconventional 

optical behavior: They can be transparent to long-wavelength radiation, while at the 

same time have isotropic band gaps in another frequency range. This phenomenon 

raises fundamental questions concerning photon transport through disordered media. 

While optical transparency in these materials is robust against recurrent multiple 

scattering, little is known about other transport regimes like diffusive multiple 

scattering or Anderson localization. Here, we investigate band gaps, and we report 

Anderson localization in 2D disordered dielectric structures using numerical 

simulations of the density of states and optical transport statistics. The disordered 

structures are designed with different levels of positional correlation encoded by the 

degree of stealthiness χ. To establish a unified view, we propose a correlation-

frequency (χ–ν) transport phase diagram. Our results show that, depending only on χ, 

a dielectric material can transition from localization behavior to a band gap crossing 

an intermediate regime dominated by tunneling between weakly coupled states. 

Straightening light sheets 
Juan José Sáenz  
Nature Photonics 11, 686 (October 31, 2017) 

 

Diffraction-free light-sheet beams, strongly confined in one axis, are typically thought 

to self-bend during propagation in free space and cannot be made flat. Now, 

diffraction-free planar light sheets in air have been realized by exploiting 

polychromatic pulsed beams. 

Self-diffusion and structural properties of 
confined fluids in dynamic coexistence 
N de Sousa, J J Sáenz, Frank Scheffold, A 
García-Martín and L S Froufe-Pérez 
Journal of Physics: Condensed Matter, 28, 13 
(March 4, 2016) 

 

Self-diffusion and radial distribution functions are studied in a strongly confined 

Lennard-Jones fluid. Surprisingly, in the solid–liquid phase transition region, where 

the system exhibits dynamic coexistence, the self-diffusion constants are shown to 

present up to three-fold variations from solid to liquid phases at fixed temperature, 

while the radial distribution function corresponding to both the liquid and the solid 

phases are essentially indistinguishable. 

https://www.pnas.org/content/114/36/9570
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Arrested Dimer’s Diffusion by Self-Induced 
Back-Action Optical Forces 
Jorge Luis-Hita, Juan José Sáenz, Manuel I. 
Marqués 
ACS Photonics 3, 1286 (June 3, 2016) 

 
The diffusion of a dimer made out of two resonant dipolar scatters in an optical lattice 

is theoretically analyzed. When a small particle diffuses through an optically induced 

potential landscape, its Brownian motion can be strongly suppressed by gradient 

forces, proportional to the particle’s polarizability. For a single lossless monomer at 

resonance, the gradient force vanishes and the particle diffuses as in absence of external 

fields. However, we show that when two monomers link in a dimer, the multiple 

scattering among the monomers induces both a torque and a net force on the dimer’s 

center of mass. This “self-induced back-action” force leads to an effective potential 

energy landscape, entirely dominated by the mutual interaction between monomers, 

which strongly influences the dynamics of the dimer. Under appropriate illumination, 

single monomers in a colloidal suspension freely diffuse while dimers become trapped. 

Our theoretical predictions are tested against extensive Langevin molecular dynamics 

simulations. 

Control of diffusion of nanoparticles in an 
optical vortex lattice 
Ivar Zapata, Rafael Delgado-Buscalioni, and 
Juan José Sáenz 
Phys. Rev. E 93, 062130 (June 20, 2016) 

 
A two-dimensional periodic optical force field, which combines conservative dipolar 

forces with vortices from radiation pressure, is proposed in order to influence the 

diffusion properties of optically susceptible nanoparticles. The different deterministic 

flow patterns are identified. In the low-noise limit, the diffusion coefficient is 

computed from a mean first passage time and the most probable escape paths are 

identified for those flow patterns which possess a stable stationary point. Numerical 

simulations of the associated Langevin equations show remarkable agreement with the 

analytically deduced expressions. Modifications of the force field are proposed so that 

a wider range of phenomena could be tested. 

Magneto-Optical Activity in High Index 
Dielectric Nanoantennas 
N. de Sousa, L. S. Froufe-Pérez, J. J. Sáenz 
& A. García-Martín  
Scientific Reports 6, 30803 (August 4, 2016) 

 

The magneto-optical activity, namely the polarization conversion capabilities of high-

index, non-absorbing, core-shell dielectric nanospheres is theoretically analyzed. We 

show that, in analogy with their plasmonic counterparts, the polarization conversion in 

resonant dielectric particles is linked to the amount of electromagnetic field probing 

the magneto-optical material in the system. However, in strong contrast with plasmon 

nanoparticles, due to the peculiar distribution of the internal fields in resonant dielectric 

spheres, the magneto-optical response is fully governed by the magnetic (dipolar and 

quadrupolar) resonances with little effect of the electric ones. 
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Negative dissipation gradients in 
hysteretic materials  
Miriam Jaafar, Óscar Iglesias-Freire, Pedro 
García-Mochales, Juan José Sáenz and 
Agustina Asenjo 
Nanoscale 8, 16989 (2016) 

 

Measuring energy dissipation on the nanoscale is of great interest not only for 

nanomechanics but also to understand important energy transformation and loss 

mechanisms that determine the efficiency of energy of data storage devices. Fully 

understanding the magnetic dynamics and dissipation processes in nanomagnets is of 

major relevance for a number of basic and applied issues from magnetic recording to 

spin-based sensor devices to biomedical magnetic-based hyperthermia treatments. 

Here we present experimental evidence for a counter-intuitive monotonical reduction 

of energy dissipation as the interaction between two nanomagnets is enhanced. This 

behavior, which takes place when spins are parallel, can be understood in terms of 

hysteresis phenomena involved in the reorientation of these spins. The measured 

magnetic losses of about a few femtowatts are in agreement with quasi-static 

micromagnetic numerical simulations. 

Fluctuations of the electromagnetic local 
density of states as a probe for structural 
phase switching 
N. de Sousa, J. J. Sáenz, F. Scheffold, A. 
García-Martín, and L. S. Froufe-Pérez 
Phys. Rev. A 94, 043832 (October 19, 2016) 

 
We study the statistics of the fluorescence decay rates for single quantum emitters 

embedded in a scattering medium undergoing a phase transition. Under certain 

circumstances, the structural properties of the scattering medium explore a regime in 

which the system dynamically switches between two different phases. While in that 

regime the light-scattering properties of both phases are hardly distinguishable, we 

demonstrate that the lifetime statistics of single emitters with low diffusivity is clearly 

dependent on the dynamical state in which the medium evolves. Hence, lifetime 

statistics provides clear signatures of phase switching in systems where light scattering 

does not. 

Speckle fluctuations resolve the 
interdistance between incoherent point 
sources in complex media 
R. Carminati, G. Cwilich, L. S. Froufe-Pérez, 
and J. J. Sáenz 
Phys. Rev. A 91, 023807 (February 5, 2015) 

 
We study the fluctuations of the light emitted by two identical incoherent point sources 

in a disordered environment. The intensity-intensity correlation function and the 

speckle contrast, obtained after proper temporal and configurational averaging, encode 

the relative distance between the two sources. This suggests the intriguing possibility 

that intensity measurements at only one point in a speckle pattern produced by two 

incoherent sources can provide information about the relative distance between the 

sources, with a precision that is not limited by diffraction. The theory also suggests an 

alternative approach to the Green's-function retrieval technique, where the correlations 

of the isotropic ambient noise detected by two receivers are replaced by a measurement 

at a single point of the noise due to two fluctuating incoherent sources. 
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https://pubs.rsc.org/en/content/articlelanding/2016/NR/C6NR04356A#!divAbstract
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.94.043832
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.94.043832
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.94.043832
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.91.023807
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.91.023807
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.91.023807


Isotropically Polarized Speckle Patterns 
Mikolaj K. Schmidt, Javier Aizpurua, Xavier 
Zambrana-Puyalto, Xavier Vidal, Gabriel 
Molina-Terriza, and Juan José Sáenz 
Phys. Rev. Lett. 114, 113902 (March 20, 
2015) 

 
The polarization of the light scattered by an optically dense and random solution of 

dielectric nanoparticles shows peculiar properties when the scatterers exhibit strong 

electric and magnetic polarizabilities. While the distribution of the scattering intensity 

in these systems shows the typical irregular speckle patterns, the helicity of the incident 

light can be fully conserved when the electric and magnetic polarizabilities of the 

scatterers are equal. We show that the multiple scattering of helical beams by a random 

dispersion of “dual” dipolar nanospheres leads to a speckle pattern exhibiting a perfect 

isotropic constant polarization, a situation that could be useful in coherent control of 

light as well as in lasing in random media. 

Localized magnetic plasmons in all-
dielectric μ<0 metastructures 
R. Paniagua-Domínguez, L. S. Froufe-Pérez, 
J. J. Sáenz, and J. A. Sánchez-Gil 
Phys. Rev. B 91, 235120 (June 11, 2015) 

 
Metamaterials are known to exhibit a variety of electromagnetic properties nonexisting 

in nature. We show that an all-dielectric (nonmagnetic) system consisting of deep-

subwavelength, high-permittivity resonant spheres possesses effective negative 

magnetic permeability (dielectric permittivity being positive and small). Due to the 

symmetry of the electromagnetic wave equations in classical electrodynamics, 

localized “magnetic” plasmon resonances can be excited in a metasphere made of such 

metamaterial. This is theoretically demonstrated by the coupled-dipole approximation 

and numerically for real spheres, in full agreement with the exact analytical solution 

for the scattering process by the same metasphere with effective material properties 

predicted by effective medium theory. The emergence of this phenomenon as a 

function of structural order within the metastructures is also studied. Universal 

conditions enabling effective negative magnetic permeability relate subwavelength 

sphere permittivity and size with critical filling fraction. Our proposal paves the way 

towards (all-dielectric) magnetic plasmonics, with a wealth of fascinating applications. 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.113902
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Controlling dispersion forces between 
small particles with artificially created 
random light fields 
Georges Brügger, Luis S. Froufe-Pérez, Frank 
Scheffold & Juan José Sáenz  
Nature Communications 6, 7460 (June 2015) 

 
Appropriate combinations of laser beams can be used to trap and manipulate small 

particles with optical tweezers as well as to induce significant optical binding forces 

between particles. These interaction forces are usually strongly anisotropic depending 

on the interference landscape of the external fields. This is in contrast with the familiar 

isotropic, translationally invariant, van der Waals and, in general, Casimir–Lifshitz 

interactions between neutral bodies arising from random electromagnetic waves 

generated by equilibrium quantum and thermal fluctuations. Here we show, both 

theoretically and experimentally, that dispersion forces between small colloidal 

particles can also be induced and controlled using artificially created fluctuating light 

fields. Using optical tweezers as a gauge, we present experimental evidence for the 

predicted isotropic attractive interactions between dielectric microspheres induced by 

laser-generated, random light fields. These light-induced interactions open a path 

towards the control of translationally invariant interactions with tuneable strength and 

range in colloidal systems. 

Dielectric spheres with maximum forward 
scattering and zero backscattering: a 
search for their material composition 
Yan Zhang, Manuel Nieto-Vesperinas and 
Juan José Sáenz 
Journal of Optics, 17, 105612 (Sep 24, 2015)  

Nanoparticles exhibiting zero backscattering but a large scattering cross section in the 

forward direction should play a key role as light diffracting elements in photonic 

devices like solar cells. Using Mie theory we address lossless dielectric spheres that 

were recently reported to possess a magnetodielectric response to the illuminating 

wave, and analyze their scattering cross section together with their zero-backwards 

scattering conditions. We show that there is an optimum particle refractive index (m = 

2.47), which yields maximum forward scattering without backwards scattering of light. 

Near-Field Effects in Mesoscopic Light 
Transport 
R. Rezvani Naraghi, S. Sukhov, J. J. Sáenz, 
and A. Dogariu 
Phys. Rev. Lett. 115, 203903 (November 10, 
2015)  

In dense multiple scattering media, optical fields evolve through both homogeneous 

and evanescent waves. New regimes of light transport emerge because of the near-field 

coupling between individual scattering centers at mesoscopic scales. We present a 

novel propagation model that is developed in terms of measurable far- and near-field 

scattering cross sections. Our quantitative description explains the increase of total 

transmission in dense scattering media and its accuracy is established through both 

full-scale numerical calculations and enhanced backscattering experiments. 

https://www.nature.com/articles/ncomms8460
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Magneto-optical Kerr effect in resonant 
subwavelength nanowire gratings 
Marinchio, H.; Carminati, R.; Garcia-Martin, 
A.; Saenz, JJ 
New Journal of Physics 16, 015007 (Jan 9, 
2014) 

 
Periodic arrays of nanorods can present a resonant response at specific geometric 

conditions. We use a multiple scattering approach to analyze the optical response of 

subwavelength nanowire gratings made of arbitrary anisotropic materials. When the 

rods are made of magneto-optical dielectrics we show that there is a complex interplay 

between the geometric resonances of the grating and the magneto-optical Kerr effects 

(MOKE) response. As we will show, for a given polarization of the incident light, a 

resonant magneto-optical response can be obtained by tuning the incidence angle and 

grating parameters to operate near the resonance condition for the opposite 

polarization. Our results could be important to understand and optimize MOKE 

structures and devices based on resonant subwavelength gratings and could open new 

perspectives in sensing applications. 

Effect of long-range spatial correlations on 
the lifetime statistics of an emitter in a two-
dimensional disordered lattice 
N. de Sousa, J. J. Sáenz, A. García-Martín, L. 
S. Froufe-Pérez, and M. I. Marqués 
Phys. Rev. A 89, 063830 (June 30, 2014) 

 
The effect of spatial correlations on the Purcell effect in a bidimensional dispersion of 

resonant nanoparticles is analyzed. We perform extensive calculations on the 

fluorescence decay rate of a point emitter embedded in a system of nanoparticles 

statistically distributed according to a simple two-dimensional lattice-gas model near 

the critical point. For short-range correlations (high temperature thermalization) the 

Purcell factors present a long-tailed statistic which evolves towards a bimodal 

distribution when approaching the critical point where the spatial correlation length 

diverges. Our results suggest long-range correlations as a possible origin of the large 

fluctuations of experimental decay rates in disordered metal films. 

Contribution of evanescent waves to the 
effective medium of disordered 
waveguides 
Miztli Yépez and Juan José Sáenz 
EPL 108, 17006 (September 30, 2014) 

 
We consider a wave propagating through a thin disordered slab inside a wire or 

waveguide of finite width. In the dense weak-scattering limit, the statistics for the 

complex reflection and transmission coefficients (the coherent field) is found to depend 

dramatically on the contribution of evanescent modes or closed channels, leading to an 

effective refractive index whose real part is quite sensitive to the closed-channels 

inclusion. In contrast, evanescent modes play no role in the statistical average of 

transmittances and reflectances. The theoretical predictions, based on the perturbative 

Born series expansion, are in excellent agreement with numerical simulations in 

disordered wires. 
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Probing two-dimensional Anderson 
localization without statistics 
O. Leseur, R. Pierrat, J. J. Sáenz, and R. 
Carminati 
Phys. Rev. A 90, 053827 (November 13, 
2014) 

 

We investigate the possibility of using the independence of the transmitted speckle 

pattern on the illumination condition as a signature of Anderson localization in a single 

configuration of a two-dimensional and open disordered medium. The analysis is based 

on exact numerical simulations of multiple light scattering. We introduce a similarity 

function that we propose as a reliable observable to probe Anderson localization 

without requiring any statistical averaging over an ensemble. 

Local control of the excitation of surface 
plasmon polaritons by near-field magneto-
optical Kerr effect 
R. Vincent, H. Marinchio, J. J. Sáenz, and R. 
Carminati 
Phys. Rev. B 90, 241412 (December 11, 
2014) 

 
We investigate local control of the excitation of surface plasmon polaritons by a 

magnetic scatterer placed in the vicinity of a metallic surface. We show that under 

those conditions a change of about 27% in the surface plasmon intensity can be 

achieved by flipping the external magnetic field. The magnitude of this phenomenon 

is given by the magneto-optical Kerr effect (MOKE). A qualitative analysis of our 

numerical results, based on a perturbative approach, lead to simple analytical 

expressions for the longitudinal MOKE when the scatter is in close proximity to the 

surface. These results provide physical insight into the problem and may lead to the 

design of useful devices. 
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