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Introduction 

The ESF-supported workshop “NanoLight 2014”, during 2-8 of March 2013 gathered 124 
researchers to discuss and explore the frontiers in the field of sub-wavelength optics, currently 
referred to as Nanophotonics. The meeting will took place in Benasque (Spain), which is a small 
but beautiful village, located in the heart of the Pyrenees, close to the Spanish border with France; 
at the Centre for Science, excellently equipped for scientific workshops and discussion sessions 
(see http://benasque.org/ for information about the centre facilities). The crucial sponsorship of 
ESF was prominently mentioned and visibly displayed throughout the meeting. 

The particular objective of this conference has been to facilitate interaction between worldwide 
researchers working in the field, with a special emphasis on interaction between young and more 
experienced researchers. To this end, both oral presentations by key-speakers and selected 
contributors, and discussion sessions have been planned.  

The Science Centre “Pedro Pascual” in Benasque is particularly designed with an environment and 
facilities to stimulate for scientific discussion without threshold, truly ideal for maturation of 
emerging science topics. The centre provides lecture rooms, discussion rooms and working rooms 
all with modern computer and internet facilities. The Benasque centre staff is very experienced in 
conference organisation, setting up the meeting program, professional communication with 
invited speakers, participants, etc., etc…, allowing the scientific organisers to focus on the science 
side of the workshop. 

The workshop covered a variety of topics, all connected to nanoscale control of light and largely to 
connected to theme of ESF program PlasmoBioNanoSense. As such several applications in biology 
were put forward, such as tip-enhanced micro-spectroscopy, nanoscale thermal control and the 
use of nanoplasmonic forces to trapping single nanoparticles. But the workshop went further than 
that, with the use of nanoantennas for bright and directional photon sources and LED devices, 
while acting as enhanced receivers for applications in photovoltaics. Connected to this was the 
new topic of optical metasurfaces for beam steering and spatial phase control. An important 
development and highlight at the workshop was the use of nanophotonic structures to obtain 
strong coupling conditions and the related topic of quantum plasmonics, both aimed at observing 
and controlling quantum optical phenemona on the nanoscale. Obviously the plasmonic 
properties of graphene were highlighted as it allows for extreme light confinement and control 
particularly at near-infrared and mid-infrared frequencies, and electronic control by doping of the 
graphene. At the same time electrons keep on being an important tool to characterize plasmonic 
modes and e-beam probing of plasmon modes was a topic at the workshop. Finally more 
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specialized topics on ultrafast nanophotonics, magneto-optics and the use of multipolar 
interactions formed part of the program. 

The workshop was a great success and drew the largest audience ever for a Benasque workshop. 
The meeting was very vibrant, with a large number of questions after each talk, with permanent 
scientific discussions, many contacts and collaboration. Also at coffee breaks and poster sessions 
discussions continued; a truly buzzing scientific atmosphere permeating the centre during that 
week. 

It should be noted that IOP-Science, with Journal of Optics, was present at the workshop, with a 
stand in the poster sessions area. 

 

Scientific Content 

Here an overview of the more relevant topics and contributions presented in the workshop. 

Strong coupling using nanophotonic structures: Strong coupling emerged as a prominent and 
strongly developing  topic at the worshop. Both invited and contributed speakers highlighted 
ultrafast coherent energy transfer on the nanoscale, the strong coupling of organic molecules over 
larger macrocscopic distnces and the role vacuum field effects. 

Quantum plasmonics: quantum effects in plasmonics is a topic in development with a rather borad 
range of approaches, both in theory and experiment. Subnanometric plasmonic nanogaps were 
addressed to  understand their optoelectronic properties. Similarly the coupling of few photon 
emitters over macroscopic distances through various waveguiding approaches. 

Bright directional emitters: Nanoantennas do enhance the local excitation rate and (non)radiative 
decay rate. As a result dyes, fluorescent proteins, quantum dots and diamond NV centers can all 
be made brighter, moreover with controlled emission direction. Applications in efficient and 
directional LED devices were presented.  

Plasmonic enhanced photovoltaics: Reciprocal to the decay rate enhancement, plasmonics also 
enhances the efficiency of light capture. Applications were presented to enhance photocurrent in 
layers of PbS quantum dots and photo-generated resonant structures in flat semiconductor layers  

Graphene plasmonics: Graphene is an important and timely platform for plasmonic and 
magnetoplasmonic. Localized plasmons in grapheme sheets were presented and the mediation by 
graphene of electrically controlled light-matter interactions for near-infrared and mid-infrared 
frequencies  

Nanophotonics for biological applications: Various applications were put forward at the workshop: 
the use of photonic antennas for sub-nm resolution fluorescence imaging on cell membranes; tip-



enhanced infrared spectroscopy to image and identify locally bacteria and proteins; plasmonic 
enhanced fluorescence energy transfer  

Nanoscale thermal control: the nanoscale control of heat inside cells and tissue, a field coined as 
thermoplasmonics: 

Ultrafast nanophotonics: fs-plasmonics is still a field in its infancy, yet steady progress is made. 
Presented were the carrier-envelope phase effects on strong-field photoemission of electrons 
from sharp metallic tips; and the phase control of femtosecond pulses on the nanoscale for precise 
measurement of the resonance response in single plasmonic nano-antennas  

Optical forces: plasmonic fields do exert forces on the nanoscale, allowing trapping of single 
nanoparticles. At the meeting works were presented on the optical forces and chirality of 
plasmonic fields; on stochastic near field 3D microscopy using Brownian metallic nanoparticles; 
and on the cooling and amplification of a vacuum-trapped nanoparticle  

Magneto-optics and multipolar interactions: on the nanoscale field gradients are relatively strong. 
As a result the non-dipolar components can play an important role. Both magnetic and non-dipolar 
electric optical resonances of spherical semiconductor/dielectric nanoparticles are attracting 
interest. At the workshop was addressed the “magnetic” light in all-dielectric nanophotonics 
structures. Also multipoles and coupled multipolar oscillators were treated in detail. 

Flat-nano-optics: Planar surface nanostructures, so-called metasurfaces, have been shown to allow 
beam steering. At the workshop optical metasurfaces were presented for multifunctional beam 
shaping and chromatic aberration correction; also a phase-modulated and amplitude-modulated 
metalens for super-focussing , ultra-thin layers for colour coatings, tunable absorbers, and 
anomalous thermal emitters; finally shaping reflected light with gap plasmon based metasurfaces  

Plasmonics using electrons: Electron beams keep on being a universal tool to characterize 
nanoplasmonic structures. Especially electron energy loss spectroscopy provides direct spatial 
frequency maps of plasmonic modes. Elementary plasmon modes with electron probes were 
revisited. 
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