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PROGRAM - Sunday August 26 – UTT – Room N101 
 

8:45 WELCOME 
Lukas NOVOTNY, ETH Zurich, Switzerland. 
 
9:00 - 10:30 
Nicolas BONOD, CNRS, Institut Fresnel, Marseille, France. 

 

Resonant Interaction between Light and Scatterers:  
Modal Analysis, Optimization and Applications 

 
20 Min Coffee Break 
 
10:50 - 12:20 
Rémi CARMINATI, Institut Langevin, Paris, France. 

 

Interaction between Quantum Emitters and Nanostructured 
Environments: A Scattering Approach 

 
60 Min Lunch Break 
 
13:20-14:50 
Olivier MARTIN, Ecole Polytechnique Fédérale de Lausanne, Switzerland. 

 

Optical Modes in Plasmonic Systems 
 

20 Min Coffee Break 
 
15:10-16:40 
Mathieu KOCIAK, CNRS, Laboratoire de Physique du Solide, Orsay, France. 

 

Nanooptics with Fast Electrons 
 

20 Min Coffee Break 
 
17:00-18:30 
Qihua XIONG, Nanyang Technological University, Singapore 

 

PerovLight: Halide Perovskites for Nanophotonics and Optoelectronics 
 

 
18:30  FINAL REMARKS 
Lukas NOVOTNY, ETH Zurich, Switzerland. 

 
 

19:00  Welcome Cocktail at Troyes City Hall 
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Resonant interaction between light and scatterers: modal 
analysis, optimization and applications 

Nicolas Bonod* 
Aix Marseille Univ, CNRS, Centrale Marseille, Institut Fresnel, Marseille, France 

*nicolas.bonod@fresnel.fr 
Subwavelength sized particles can host electromagnetic modes referred as Mie modes and localized 
surface plasmons, respectively for dielectrics and metals [1-2]. In the framework of the multipolar 
theory, the modes of a scatterer correspond to the poles of the multipolar scattering coefficients, i.e. to 
the solutions of the scattering problem without excitation field [3-4]. The scatterer through its 
eigenmodes behaves as an open sub-λ optical cavity suitable to enhance the Purcell factor [5-6]. The 
expansion of the field scattered by open 3D optical cavities with respect to its eigenfrequencies 
provides fruitful information on the resonant interaction of light with scatterers but requires a carefull 
analysis [7].  

 

 

 

 

 

In the case of subwavelength particles, low order multipoles such as dipoles predominate. If the 
scatterer is excited at a frequency close to the real part of the complex eigenfrequencies associated 
with the dipolar mode, the induced dipole takes large values that strongly impact the optical response 
of the scatterer. In particular, the absorption and scattering cross-sections can achieve their 
fundamental limits. It is interesting to study the conditions that permit to reach these limits. In 
particular, one can determine for a given configuration the dielectric permittivities that achieve this 
optimal interaction for any multipolar order [8].  

This resonant interaction yields large near-fields and resonant optical particles provide an efficient 
platform to perform molecular spectroscopy [9-10]. In the far-field, the eigenmodes of the scatterers 
drive to peaks in the scattering spectrum that yield structural colors. Each scatterers therefore behaves 
as a colored pixel. By controlling the shape, composition and arrangement of the scatterers on a 
surface, it is possible to print colored images with a high resolution [11-12].  
 
[1] A. I. Kuznetsov et al., Science, 354(6314), aag2472 (2016) 
[2] A. Devilez, X. Zambrana-Puyalto, B. Stout, N. Bonod, Phys. Rev. B 92, 241412(R) (2015) 
[3] V. Grigoriev, A. Tahri, S. Varault, B. Rolly, B. Stout, J. Wenger, N. Bonod, Phys. Rev. A 88, 011803(R) (2013) 
[4] C. Sauvan, J. P. Hugonin, I. Maksymov, P. Lalanne, Phys. Rev. Lett. 110, 237401 (2013). 
[5] X. Zambrana-Puyalto, N. Bonod, Phys. Rev. B 91, 195422 (2015) 
[6] E. A. Muljarov, W. Langbein, Physical Review B 94, 235438 (2016). 
[7] R. Colom, B. Stout, R. C. McPhedran, N. Bonod, Submitted  
[8] R. Colom, A. Devilez, N. Bonod, B. Stout, Phys. Rev. B 93, 045427 (2016) 
[9] A. Krasnok, M. Caldarola, N. Bonod, and A. Alù, Adv. Opt. Mat. 1701094 (2018) 
[10] R. Regmi et al., Nano Letters, 16(8), 5143-5151 (2016) 
[11] A. Kristensen et al., Nature Reviews Materials, 2(1), 16088.  
[12] J. Proust, F. Bedu, B. Gallas, I. Ozerov, N. Bonod, ACS Nano 10, 7761–7767 (2016) 
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Interaction between quantum emitters and nanostructured 
environments: A scattering approach 

Rémi CARMINATI 
 

Institut Langevin, ESPCI Paris, CNRS, PSL University, Paris, France 
remi.carminati@espci.fr 

 
 

In this lecture we will describe the coupling between elementary sources (or absorbers) and structured 
environments using a scattering formalism. First, we will review the general form of the dynamic 
polarizability describing either a classical particle or a quantum emitter [1,2]. Second, we will 
introduce the Green function to describe the response of the environment in classical terms, as well as 
its connection with local and cross densities of states (LDOS and CDOS) [3-5]. With these two 
ingredients, we will show that a scattering picture provides an appropriate formalism to describe 
different interaction regimes, as well as the transition between them. When a single emitter (or 
scatterer) is coupled to a structured environment (e.g. optical antenna, interface with surface modes, 
cavity, or complex medium), we will show how the weak and strong coupling regimes emerge, and 
apply the formalism to strong coupling in a complex medium [6]. In the case of two emitters coupled 
through the environment, we will show how energy transfer is recovered in the weak coupling regime 
(and discuss the example of energy transfer through a surface plasmon [7]), and how strong coupling 
appears in specific conditions [8]. Finally, we will describe the quantum fluctuations of light emitted 
by  two emitters, and connect them to the LDOS and CDOS [9]. 

 

I am indebted to D. Bouchet, A. Canaguier-Durand, A. Cazé and R. Pierrat with whom many works 
that inspired this lecture have been done. 
 
[1] P. de Vries, D.V. van Coevorden and A. Lagendijk, Rev. Mod. Phys. 70, 447 (1998). 
[2] S. Albaladejo et al., Opt. Express 18, 3556 (2010). 
[3] A. Lagendijk and B.A. van Tiggelen, Phys. Rep. 270, 143 (1996). 
[4] A. Cazé, R. Pierrat and R. Carminati, Phys. Rev. Lett. 110, 063903 (2013). 
[5] R. Carminati, A. Cazé, D. Cao, F. Peragut, V. Krachmalnicoff, R. Pierrat and Y. De Wilde, Surf. Sci. Rep. 70, 1 (2015). 
[6] A. Cazé, R. Pierrat and R. Carminati, Phys. Rev. Lett. 111, 053901 (2013). 
[7] D. Bouchet, D. Cao, R. Carminati, Y. De Wilde, and V. Krachmalnicoff, Phys. Rev. Lett. 116, 037401 (2016). 
[8] D. Bouchet and R. Carminati, in preparation (2018). 
[9] A. Canaguier-Durand and R. Carminati, Phys. Rev. A 93, 033836 (2016). 
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Optical Modes in Plasmonic Systems 
Olivier J.F. Martin* 

 
1 Nanophotonics and Metrology Laboratory, Swiss Federal Institute of Technology Lausanne 

*olivier.martin@epfl.ch 
 
 

In classical optics, optical modes provide a very general description for the different field 
distributions that can propagate or be localized in a system. This is for example the case for a 
dielectric waveguide or a dielectric cavity, where any optical field can be decomposed onto the 
different modes supported by the system, thanks to the orthogonality of the modes. 
In plasmonics, however, the utilization of optical modes is less widespread. One of the reason 
probably is the fact that the optical modes of a plasmonic system are not orthogonal in the classical 
sense, since plasmonic systems are lossy. Yet, a broad variety of “optical modes descriptions” have 
been introduced in conjunction with plasmonic systems and the aim of this course is to review and 
explain some of them. 
Multipoles expansions are certainly a very common approach to understand the response of plasmonic 
nanostructures. There are however quite some subtleties when developing such expansions, 
distinguishing between Mie’s theory and vectorial spherical harmonics; between the near-field and the 
far-field of the structure. Multipoles expansions are also very useful for introducing concepts such as 
bright and dark modes and classifying their radiation properties. On the other hand, quite a bit of 
confusion has been created by the electric and magnetic characters of multipoles. An electric higher 
order mode (e.g. an electric quadrupole) is often mistaken for a lower magnetic mode (e.g. a magnetic 
dipole). This distinction will be illustrated on several practical nanostructures that were characterized 
experimentally. 
The Lorentz oscillator model provides another important tool to describe the optical resonances of a 
broad variety of plasmonic systems. Actually, the Drude model – the archetypical formula for the 
permittivity of plasmonic metals – is directly deduced from a Lorentz oscillator. When several 
plasmonic nanostructures are coupled together, a collection of oscillators can describe their overall 
response extremely accurately and evidence phenomena such as Fano resonances, for example. 
Numerous examples will be used throughout this short course to illustrate the utilization of different 
optical modes to analyse the response of plasmonic nanostructures. Experimental situations, such as 
electron energy loss spectroscopy (EELS) or second harmonic generation (SHG) will illustrate the 
power of a modes description to understand the response of plasmonic nanostructures, or even to 
design plasmonic systems that enhance a specific phenomenon. 
At the end of this class, participants will have developed an understanding of some of the optical 
modes descriptions that exist for plasmonic systems and will be able to choose those that are best 
suited to describe their experiment. 
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Nanooptics with fast electrons 
M. Kociak1 * 

 
1 Laboratoire de physique des solides, CNRS/Université Paris Sud, Orsay, France 

*mathieu.kociak@u-psud.fr 
 

The pioneering work of Yamamoto et al. [1] demonstrated the possibility to perform nanooptics 
experiments in an electron microscope. Since then, conceptual and technical improvements in fast 
electron-based optical spectroscopy accompanied the accelerating growth of the nanooptics field (see 
figure 1). The two main spectroscopies, electron energy loss spectroscopy (EELS) and 
cathodoluminescence (CL), are now becoming more and more available to the researchers. However, 
initially used and developed by the electron microscopy community, EELS and CL remain still 
relatively obscure to the nanooptics community. 
The ambition of this lecture is to help popularizing these techniques to this community by trying to 
illustrate advantages and drawbacks of EELS and CL and drawing analogies between electron-based 
and photon-based optical concepts and instrumentation. 
In this aim, the lecture will be structured so as to answer the following question: 

-  What are the main advantages and drawbacks of EELS and CL, as compared to pure optical 
imaging and spectroscopy techniques? 

- How can we compare EELS/CL to optical (absorption, extinction, scattering, luminescence 
cross-sections …) and nanooptical (photonic density of states …) quantities? 

- How are EELS and CL practically performed? Here, an analogy between electron-based and 
photon-based instruments will be given. 

- How to choose the right experimental set-up for a given scientific question? 
- When using EELS is preferable to CL and vice-versa? 

 
Figure 1. Electron-based spectro-microscopy in the electron microscope: Left: plasmon mapping in a silver 

nanotriangle and Right: hyperspectral mapping of GaN quantum wells embedded in AlN. 

 
[1] Yamamoto, N., Araya, K. & García de Abajo, F. Phys. Rev. B 64, (2001). 
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PerovLight: Halide Perovskites for Nanophotonics and 
Optoelectronics 

Qihua Xiong1,2,3,* 
1Division of Physics and Applied Physics, School of Physical and Mathematical Sciences, 

Nanyang Technological University, Singapore 637371 
2NOVITAS, Nanoelectronics Centre of Excellence, School of Electrical and Electronic 

Engineering, Nanyang Technological University, Singapore 639798 
3MajuLab, CNRS-UCA-SU-NUS-NTU International Joint Research Unit, UMI 3654 

Singapore 

 
*Email Address: Qihua@ntu.edu.sg  

 
Halide perovskites have recently attracted tremendous research interest for their great 
potentials in next generation photovoltaics and a wide range of photonic and optoelectronic 
applications. As direct band-gap semiconductors, halide perovskites exhibit high optical gain, 
forgiving of surface defect states, large exciton binding energy and large oscillator strength, 
underpinning diverse applications in photonic and optoelectronic devices, such as light-
emitting diodes (LED), micro- and nanolasers, photodetectors or radiation detectors, etc. In 
this tutorial, I will focus on the fundamental optical properties underlying the exceptional 
optical gain materials and their manifestation in nanophotonics and optoelectronics. This 
tutorial will be discussed into four parts: (1) Historical background and materials aspects of 
various halide perovskites. Summary of materials synthesis and preparation will be discussed 
as well; (2) Electronic band structures and optical properties of three main halide perovskites, 
namely inorganic-organic halide perovskites, all inorganic halide perovskites, and 2D 
perovskite quantum wells. Photophysics will be discussed along the typical materials; (3) 
Demonstration of micro- and nanolasers will be then discussed, including both Fabry-Perot 
and whispering gallery mode cavities; (4) Recent progress on strong light-matter coupling in 
perovskites will be discussed, including room temperature exciton polariton lasing and 
manipulation of exciton polariton Bose Einstein condensate at room temperature. Finally, this 
tutorial will be concluded with some remarks and prospect in the future directions.  
 
References: 
1. R. Su et al., “Room temperature polariton lasing in all-inorganic perovskite”, Nano 

Lett. 17, 3982–3988 (2017) 
2. Q. Zhang et al., “Advances in small perovskite-based lasers”, Small Methods 1, 

1700163 (2017) 
3. B.R. Rutherland and E.H. Sargent, “Perovskite photonic sources”, Nature Photonics 

10, 295-302 (2016)  



4. S.T. Ha, et al., “Laser Cooling of Organic-inorganic Lead Halide Perovskites”, Nature 
Photonics 10, 115–121 (2016)  

5. S. Yakunin, et al., “Detection of gamma photons using solution-grown single crystals 
of hybrid lead halide perovskites”, Nature Photonics 10, 585-589 (2016) 

6. Q. Zhang, et al., “Room-temperature near-infrared high-Q perovskite whispering-
gallery planar nanolasers”, Nano Lett. 14, 5995-6001 (2014) 

7. G. Xing, et al., “Low-temperature solution-processed wavelength-tunable perovskites 
for lasing”, Nature Materials 13, 476-480 (2014) 


