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Abstract. The work is focused on the investigation of features of quantum
dynamics for photons in spaser systems consisting of metal nanoparticles
(NP) and semiconductor quantum dots (QDs). The non-classical photon
states generation in a three-particle spaser system with nonlinear plasmon-
exciton interaction is predicted.

Ensembles of near-field coupled nanoparticles (NPs) and quantum dots (QDs) are of
significant interest as a platform for superresolution microscopy of nanostructures [1]. In fact,
the bunching (antibunching) effects can be observed for emitted photons from self-assembled
QD structures [2]. On the other hand, if QDs are coupled with shared NP [3], direct control
of quantum statistics and correlation properties of generated photons in such spaser-like
system can be realized. In particular, the control of generation of non-classical light in the
described ensembles will allow to realize the spatial superresolution [4, 5] using simple and
cheap nanoscale sensors.

In this paper we propose a model of three nanoobjects (NP-QD-NP) coupled by nonlinear
dipole-dipole interactions in the presence of an external magnetic field, see Fig. la. The
nonlinear regime of this ensemble corresponds to the two-quantum processes of the QD
biexciton decay in the case |5 > Q, ,,|A|, where 6 =@ ~@ and A= —®,, @ is the spasing

frequency, and Q,, are the Rabi frequencies of dipole-dipole interactions between the QD

and NPs. In the technical framework, the presented system of radiative spaser can be used to
generate nonclassical states of the electromagnetic field at the nanoscale. Nonlinear regimes
of interaction between NP and QD can be realized, firstly, in the presence of a two-photon
pump in the system and, secondly, under the condition that the coupling energy between two
electron-hole pairs is of the same order of magnitude as the internal coupling energy of a
single pair.

The system of Heisenberg-Langevin equations corresponding to nonlinear plasmon-

exciton interaction in the system can be represented in the following form [3]:
Cypy =1(A+i/7,) ) —IQ7E S+ F S=i (5(2) +i/zg )s” +iQ%¢6,D+F,, (lab)
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Fig. 1. (a) The model of a three-particle radiative NP-QD-NP spaser. (b) The time dependence of the

cross-correlation Gl(zz) and C (inset) functions for photons generated in nonlinear NP-QD-NP spaser.

where S corresponds to the biexciton state of QD and the creation operators ¢ and €,

correspond to the pair of plasmons, whose energies slightly differ for the different

intermediate levels with frequencies @, (@, ). The parameter o?=qq,/ (2|§|) is the

effective two-quantum Rabi frequency, D is the population imbalance. Parameters

0=w—-w, and s? = 2w — w,, are the effective detunings, where @, =, +a@, —A,

is the biexciton frequency; A=@—w®,, A, is the biexciton binding energy. The Rabi

frequency of interaction between the QD and NP is Q,, = i, /1’ \/a)pl(z)azpl(z) 1 (27e4R)

where ay, is the NP radius, @, is the plasmon resonance frequency of NPs, i, is the

dipole moment. In this work, we analyse the dynamics of the cross-correlation function 61(22 )

[3] for photons based on the dynamics of plasmons and excitons in the system [6], see Fig. 1b.

In

particular, the violation of the Cauchy-Schwarz inequality

c=GY? (t,O)z/(gl(z) (t,0)g? (t,O)) <1 (see Fig. 1b) indicates the nonclassical character of

the correlations, where gfé)) = Gl((zz)) +1. The maximum value of C parameter is 14.24 and the

stationary regime value is 1.2, which demonstrates the nonclassical character of correlations
between plasmon modes in spaser system. Thus, the main result of our simulation is the
demonstration of the development of quantum correlations between modes and the possibility
for the formation of entangled state of photons. Further development of this work may be
aimed on a complex simulation of nonlinear processes with surface plasmon-polaritons
generated in plasmonic circuits [7]. Special attention is required to study the temperature
dependences of the discussed effects using real physical systems as an example [8].
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