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EXTENDEDABSTRACT

Introduction: Hybrid nanosystems in which quantum dots are coupled with
plasmonic nanoparticles have attracted significant attention in recent years
due to the ability of plasmon-exciton coupling to dramatically enhance local
fields. These systems enable strong light-matter interactions, leading to
nonlinear optical phenomena. In this study, optical bistability, in which a
system exhibits two stable output states for the same input intensity, in an
asymmetric Fabry-Perot optical cavity filled with hybrid structures
consisting of a semiconductor quantum dot coupled to a graphene-covered
metal nanosphere is investigated. Optical bistability is a nonlinear
phenomenon that manifests as hysteresis in transmission or reflection under
varying incident light intensity. To achieve optical bistability, a Fabry-Pérot
cavity is used, which provides the feedback mechanism necessary for the
emergence of bistability [1-4].

Model and Theory

We consider an asymmetric Fabry-Pérot optical cavity filled with
semiconductor quantum dots (SQDs) coupled to graphene-coated metallic
nanospheres (GNPs). In this structure, we consider the semiconductor
quantum dot as a two-level atomic system, where |g) is the ground state and
le) is the excitonic excited state [5]. The system is irradiated by a laser
field as probe field E,,, along the direction of the interparticle axis of the

hybrid system. Under the rotating-wave approximation, the Hamiltonian of
the hybrid system in the interaction picture can be expressed as [4]

Hy =—hA o, —h(Q,0,, +H.C.) 1)
The dynamic equations of the system are formulated using the density

. . . dap i
matrix approach by solving the master equation, Pty [H, p], and
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Maxwell's equation, > ¢ Peg Which p, 4 is the electric dipole

2cgq
moment and P, is the density matrix element, is used to describe the
propagation of the probe field inside the cavity to achieve optical
bistability. By solving the density matrix equations in the steady state and
applying boundary conditions, the relationship between the incident and
transmitted fields is obtained, which can be used to investigate the output
intensity as a function of the input intensity. It is interesting to note that for
a graphene-coated spherical nanoparticle with radius R, and dielectric

constant &;situated in a medium with permittivity &,, the dipole
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polarizability in the quasistatic approximation is defined as follows [6]:

2ic
(e1—g3+—2)
a(w) = ——58" e

2io
g1 4+28,+—2

EowR(

where o, is the surface conductivity of graphene.

Result and Discussion
The figure below shows the optical bistability behavior in two hybrid
systems: a quantum dot-gold nanoparticle system and quantum dot—
graphene-coated nanoparticle system. In this figure, the output intensity is
plotted versus the input intensity.
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When the cavity is filled with graphene-coated nanoparticle-quantum
dot hybrid molecules, the lower and upper thresholds shift, and the width of
the hysteresis loop also changes. These differences demonstrate the role of
the nanoparticle type in the variability of the system's optical response.
However, by appropriate selection of the type of nanoparticle in a hybrid
system, it can be beneficial for controlling the hysteresis loop and the
switching thresholds, which is important for designing and developing
nanophotonic devices.

Conclusions

In this study, optical bistability in a Fabry-Pérot optical cavity filled with
semiconductor quantum dots coupled to graphene-coated metal
nanospheres was investigated. The impact of nanoparticle size, the number
density of hybrid molecules, and transmission intensity on optical
bistability and its hysteretic behavior was shown and demonstrated. It is
found that the use of graphene-coated nanoparticles leads to changes in the
lower and upper thresholds.
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ABSTRACT
In this paper, optical bistability in an asymmetric Fabry-Pérot optical cavity
filled with semiconductor quantum dots coupled to graphene-coated metal
nanospheres investigated due to the outstanding optical properties of
graphene, such as its strong nonlinear optical response and strong light-
graphene interaction, which have many potential applications in
optoelectronic devices. In a hybrid molecule consisting of a semiconductor
guantum dot coupled to a graphene-coated nanoparticle, the quantum dot is
considered as an atomic system, and the Hamiltonian of the system is
written under the electric dipole and rotating-wave approximations. Then,
the dynamical equations of the system are formulated using the density
matrix approach, and Maxwell's equation is used to describe the
propagation of the probe field inside the cavity in order to achieve optical
bistability. By solving the density matrix equations in the steady state and
applying the boundary conditions, the relationship between the incident and
transmitted fields is obtained, which can be used to investigate the output
intensity as a function of the input intensity. It should be noted that the
hybrid structures consisting of a quantum dot-metal nanoparticle hybrid
structures have been of interest in recent years due to their ability to
enhance plasmon-exciton interactions; therefore, covering a nanoparticle
with graphene allows for greater tunability. The effect of nanoparticle size,
the number density of hybrid molecules, and the transmission intensity on
optical bistability and its hysteretic behavior investigated.
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