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The field of nano-optics has been tremendously impacted by both a fast growth of laser technology and 

significant progress in nanofabrication techniques in recent years. These advances led to a wide variety of 
applications ranging from photonic circuitry and plasmonic solar cells, to metamaterials and nano-optical 
bio-detectors. Among such exciting applications lies the yet-to-be explored sub-field of nanoscale optical 
atomic and molecular physics that deals with ensembles of quantum particles interacting with nano-
materials such as metal nanoparticles. It has been recognized that optical properties of metallo-dielectric 
structures at the nanoscale may lead to single atom/molecule optical trapping. The ability to control the 
geometry of nano-materials (nanoparticles’ sizes, their relative arrangement, etc.) with an outstanding 
precision is the key to successfully manipulate individual atoms and molecules. The fundamental basis of 
that is a significant spatial dependence of evanescent fields on the environment providing considerably 
large electromagnetic field gradients suitable for optical trapping. In this presentation I will discuss recent 
data obtained via rigorous numerical experiments on spatiotemporal dynamics of multi-level quantum 
media optically coupled to metal nanostructures of various geometries. The basis of the proposed 
approach is centered at the numerical integration of three-dimensional Maxwell-Liouville equations in a 
time domain utilizing multi-processor computers. In particular I will present data on optical properties of 
atomic nano-clusters and discuss numerical simulations of superfluorescence driven by surface plasmon 
waves.  

One of the several advantages of the proposed scheme is 
to directly capture collective effects that play pivotal role in 
electrodynamics of nano-systems. The questions to be 
addressed are: 
1) How does a size of the system affect scattering/absorption 
of EM radiation? 
2) What is a role of dephasing and relaxation effects? 
3) When does one observe collective response of atoms to 
external EM excitation? 

These and other closely related questions are not only 
important from the fundamental point of view (how optically 
induced atom-atom correlations depend on structural/material 
parameters), but also essential for general understanding of 
optics of many-body systems. For example, an atomic cluster 
with a radius of 35 nm is exposed to a linearly polarized 
external contious wave excitation. It should be noted that the 
peak amplitude of the incident field is low such that the system 
exhibits only linear response. Each atom in the cluster has an 
energy level diagram depicted in the inset with transition 
frequency of 3.1 eV. Maxwell-Liouville equations are integrated utilizing numerical algorithm discussed 
above. The resulting EM fields are then used to calculate scattering cross-section at a given incident 
frequency. Simulations are repeated for several frequencies. The data obtained show that the atomic 
cluster exhibits two resonances (unlike for an individual atom, where one would observe a single 
fluorescent spike) illustraiting a significance of collective effects. 
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