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[ Abstract J

The study of the interaction between light and matter in the
semiconductor nanostructures attracts the attention of the
researchers for the use In optoelectronics. In order to
optimize this Interaction, it Is proposed to create the
guantum dots In the neighborhood of the metallic
nanoparticles of different geometries and, accordingly, to
obtain the hybrid “metal-semiconductor” nanostructures.
An Interesting effect observed in the hybrid systems, which
are under the consideration, Is the excitation of excitons
and the presence of various modes of plasmon-exciton
Interaction. It should be pointed out that the optical
properties of the hybrid system “spherical metallic
nanoparticle — semiconductor quantum dot” are fairly well
described in the scientific literature. For example, in [1],
light absorption in such a hybrid system was studied and
the factors, which influence the spectral position of the
absorption coefficient maxima were established. At the
same time, the optical properties of the considered
nanosystems with metallic nanoparticles of non-spherical
geometry have been poorly studied, so such problems are
relevant.

[ Statement of the problem J

We Investigate the hybrid system, which consists of the
prolate spheroidal metallic nanoparticle and the
semiconductor quantum dot located on its axis. It should
be pointed out that the optical properties of the spheroidal
nanoparticle can be described within the framework of the
guasi-static approximation (since the characteristic sizes of
the system are significantly less than the wavelength). In
this case, the semiconductor quantum dot is considered to
be two-level system, and the spatial dispersion of the
permittivity is taken into account for the nanoparticles. In
addition, the paper Investigates the influence of the
electron relaxation processes in the nanoparticles on the
absorption of light by the hybrid system.

The relationships for the frequency dependence of the
absorption coefficient of the considered hybrid system
have the form:
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Here, €, and €,p are the permittivities of the surrounding
medium and the material of the quantum dot; y,p Is the
susceptibility of the quantum dot, which is ultimately
determined Dby its parameters and the longitudinal
component of the nonlocal dielectric tensor of the material
of the prolate spheroidal nanoparticle:
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I,(x) and K,(x) are the Infeld and Macdonald functions;

L= \/évp, vr - Is the Fermi velocity; a; - Is the semi-major

axis of the prolate spheroid; w, - Is the plasma frequency;

vyl - is the longitudinal component of the effective
relaxation rate; €™ - Is the contribution of the crystal lattice
to the dielectric permittivity of the nanoparticle material;
and 61"3(0)) - Is the longitudinal component of the Drude
dielectric tensor.

[ Results of calculations and conclusions j

The results of the calculations indicate the presence of the
sharp maxima of the susceptibilities of the spheroidal
metallic nanoparticles and semiconductor quantum dots,
as well as the sharp maxima of the the absorption
coefficient of the hybrid nanosystem. It is shown that in the
system, which Is under the consideration, it IS necessary to
take Into account the relaxation processes that determine
the width of the resonance peaks observed iIn the
experiment.
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