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The main goal of the School is to expose the participants to the recent trends in plas-
monics and nano-optics. A standard postgraduate level knowledge is assumed, though in
some cases some preliminary topics will be covered just to highlight how the recent trends
emerged as a consequence of certain flaws in the existing well accepted classical theories. A
typical example is the field of extraordinary transmission, which owes its origin to certain
drawbacks of the approximations in the classical diffraction theory. In what follows, we
present an outline of the topics, (mentioning the confirmed speakers) and their brief de-
scription. In general, four hours with a tutorial component will be allocated to each topic.
We retain the flexibility in the hours in order to cope with the specific requirements of the
participants. Given the freedom, the following sequence of topics will be adhered to.

(1) An Introduction to Plasmonics (S Dutta Gupta): Plane waves and Gaussian
beams; Boundary conditions; Layered media and characteristic matrices; Reflection
and transmission through layered media; Dispersion relations; Resonances as the
poles of the scattering coefficients; Surface and guided modes; Surface plasmons and
coupled surface plasmons; Avoided crossings; Resonant tunneling; Wigner delay,
Goos-Hänchen shift; Hartman effect.

(2) Optical properties of composites (Nirmalya Ghosh and A V Gopal): Linear
response theory; optical response of dielectrics and noble metals; Available experi-
mental data and how to use them; Origin of bright coloring of certain metals; Metal
dielectric composites; Maxwell-Garnett and Bruggeman theories; Planar compos-
ites; Metal inclusion in dielectric host; percolation threshold.

(3) Localized Plasmons (Nirmalya Ghosh): Resonances of small particles at micro
and nano scales; Mie theory; Quasistatic approximation and localized modes in
small metal particles; Modes of spheroids and ellipsoids; Shape and size dependence;
Polarization aspects of scattering.

(4) Nano-optics, far vs near field (B P Singh and Sushil Mujumdar): Near vs
far field; Rayleigh limit and how to beat it; Plane wave decomposition of arbi-
trary beam profile; Near-field imaging; NSOM; Perfect imaging with meta-materials
(Pendry lensing); Poor man’s perfect lens; Major hurdles.

(5) Extraordinary transmission (Arvind Vengurlekar): Fresnel-Kirchhoff diffrac-
tion theory and the flaws in approximations; Bull’s eye experiment; Role of localized
and surface modes in extraordinary transmission.

(6) Plasmonic optical trapping (Ayan Banerjee): Trapping plasmonic nanopar-
ticles: challenges and innovations; Exploiting plasmonic nearfield enhancement
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for trapping / manipulating objects; Examples of trapping by metal tips, metal-
dielectric interfaces etc. Applications.

(7) Optical manipulation of nano particles (Kishan Dholakia): Trapping and
sorting of plasmonic nanoparticles; Physics of trapping with emphasis on metallic
nanoparticles in single beam traps and also theory and experiments to sort these
nanoparticles based on size.

(8) Shaping light below the diffraction limit (Kishan Dholakia): This would look
into new approaches to nano-optics where we can shape light using spatial light
modulators using the method of optical eigenmodes and also look at the emerging
area of light through disorder to achieve the same goal.

(9) Review lecture on microscopy (Kishan Dholakia): Covering how STED, PALM,
STORM work and how they beat the diffraction limit. Biologically relevant studies
will also be discussed.

(10) Light-matter interaction at micro and nano scales (Girish Agarwal): A
general theory of how the excitation of plasmons can enhance fundamental optical
processes like absorption, emission and scattering will be developed. The efficiencies
of different processes including some of the nonlinear ones would be calculated in
terms of the Green’s functions which carry all the information on the excitation of
plasmons. The role of plasmons in energy exchange processes and thermal emission
would also be considered.

(11) Light-matter interaction near plasmonic nano structures (Nicolas Bonod):
Surface plasmon polaritons on nanostructured metals, light absorption; Localized
plasmons and coupling of dipolar modes; light scattering by a monomer or a dimer
of metallic particles; Near field coupling between quantum emitter and metallic
particle.

(12) Sub- and super- scattering (yet to be decided, 2 lectures): Coherent perfect ab-
sorption and anti-lasers; Critical coupling; Super-scattering in planar and spherical
structures. Perfect absorption mediated by localized and surface modes.

(13) Interface plasmonics (Belotelov, A V Gopal) Magneto-plasmonics, Active plas-
monics, Semiconductor plasmonics.

(14) Heat transfer at micro and nano scales (S. -A. Biehs): Macroscopic fluctua-
tional electrodynamics; Fluctuation dissipation theorem; Thermal radiation emit-
ted by micro and nano structures. Near field contributions.

(15) Spin-orbit interaction in optics (Konstantin Bliokh): Fine features of spin
and orbital angular momenta of light and spin-orbit interaction processes will be
considered. It turns out that coupling between polarization and spatial degrees
of freedom of light inevitably occurs at subwavelength scales in all basic optical
processes: propagation, reflection, diffraction, focusing, scattering, etc. Despite
simplicity of the systems, this novel subwavelength optics involves fundamental
properties of quantum operators, geometric phases, and reveals nontrivial behavior
of quantum relativistic particles (photons). Among various applications, free-space
optics, beam reflection/refraction at interfaces, plasmonic near-field systems, imag-
ing of nano-particles will be studied. Fundamental character of the wave angular
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momenta and spin-orbit interactions allows natural extension of the above optical
properties to electron matter waves. Novel angular-momentum (vortex) states of
free-space electrons (e.g., in transmission electron microscopes) and fine interaction
effects in external fields will be presented.

(16) Fano resonances at micro and nano scales (O. J. F. Martin): At the begin-
ning of last century, the observation of Wood anomaly and later its interpretation
by Ugo Fano as the interaction between a discrete mode and a continuum, has
generated a very strong interest, first in the atomic and molecular spectroscopy
scientific communities, where asymmetric spectral lines can be observed in exper-
iments where the discrete excited state of an atom or molecule interacts with a
continuum. More recently, advances in nanofabrication techniques have provided
a new family of structures where Fano resonances can be observed experimentally
at optical frequencies. These structures rely on plasmonic metamaterials and their
asymmetric spectral response originates from the interaction between a bright (ra-
diative) and a dark (non-radiative) mode. In these lectures, an overview of different
metamaterials and plasmonic nanostructures supporting Fano resonances will be
presented. An ab initio formalism able to describe Fano resonances in such sys-
tems made of lossy materials (the original formalism developed by Fano does not
include losses and cannot fully describe plasmonic metamaterials) will be derived.
Finally, it will shown how Fano resonant metamaterials can be used for sensing and
emphasize the configurations where enhanced field confinement and sensitivity can
be realized.

(17) Light matter interaction in sub wavelength photonics structures (Sylvain
Combrie): Specifics of defect and other modes in a photonic crystal cavity. Light
matter interaction in such cavities. Recent experiments.

(18) Computational plasmonics and nano optics (A V Gopal and G Pavan Ku-
mar): FDTD and FEM; Theoretical basis: Yee algorithm and FEM algorithms;
Use of commercial softwares (LUMERICAL, COMSOL) for specific problem solv-
ing; Examples: photon transport in a chain of metal nano particles; plasmonic
antennae; fractal antennae using Sierpinsky gaskets, etc.

(19) Experimental techniques in plasmonics and nano optics (Prabhu, Gopal,
Nirmalya, Ayan, Sushil, UoH faculty): Nano lithography, ebeam, holographic meth-
ods, nano-imprint; etching and deposition techniques for metals and dielectrics –
Hands on nano and micro fabrication.

There may be additional video presentations by speakers (Philippe Lalanne, etc.) who can
not attend due to various reasons.


