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Photon statistics of a quantum emitter close to a lattice of plasmonic nanoparticles
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We study theoretically the statistics of photons generated by a quantum emitter located in the vicinity of
a periodic plasmonic nanostructure. The presented formalism is based on a macroscopic QED formalism in
conjunction with a density-matrix approach in order to obtain the second-order correlation function of the emitted
photons accounting for the influence of the plasmonic environment. The metallic reservoir coupling is computed
using Green’s-function theory, which, for a periodic lattice of scatterers, is calculated by a multiple-scattering
method. We show that the photon statistics and the antibunching of emitted photons depend very strongly on
the orientation of the quantum emitter relative to the lattice, on the transition frequency of the emitter, on the
intensity of the applied field, and on the geometrical parameters of the nanoparticles, such as the shell thickness.
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I. INTRODUCTION

Localized surface plasmons, plasma oscillations occurring
at the surface of finite metallic nanostructures, can alter drasti-
cally the spontaneous emission properties of nearby quantum
emitters (QEs) [1,2]. A large number of theoretical works
have shown that the spontaneous emission spectra [3–6] or
the resonance fluorescence spectra and the corresponding sta-
tistical properties of emitted light [7–24] of QEs in the vicinity
of plasmonic nanostructures, like metallic or metal-dielectric
nanostructures, are dramatically different from the case where
the QEs are placed in an isotropic dielectric or free-space
vacuum. These findings are also supported by experimental
studies [25–30]. The plasmonically modified resonance fluo-
rescence and photon statistics may have various potential ap-
plications in nanophotonics and quantum technologies, such
as in ultrasensitive sensing, in single-photon emission, and in
the generation of entangled photons.

An important problem in quantum optics is the study of
the second-order (intensity-intensity) correlation function of
a two-level system driven by a coherent laser field which
may lead to the creation of photon antibunching in resonance
fluorescence and the transition from antibunching to bunching
depending on the excitation conditions [31–34]. The latter was
originally studied more than 40 years ago by Carmichael and
Walls [35] and Kimble and Mandel [36]. Several experimental
results have been presented with different types of QEs like
atoms [37], ions [38], molecules [39,40], and quantum dots
[41], and these effects are crucial for the creation of single-
photon sources [42,43].

The behavior of the intensity-intensity correlation function
of a single driven two-level QE has been studied in the vicinity
of different plasmonic nanostructures, such as a metallic
nanosphere [7–9,18,21], two metallic nanospheres [9,21,23],
and a metallic nanostructure composed of four nanostrips
[10]. It has been found that the spontaneous decay rate, as
modified by the Purcell effect, and the change in the applied

electric field, which can be strongly affected near plasmonic
nanostructures, lead to strong modification of the intensity-
intensity correlation function.

Here, we study the photon statistics of a two-level QE
placed in the vicinity of a periodic plasmonic nanostructure,
namely, a two-dimensional (2D) lattice of metal-coated silica
nanoparticles (also known as plasmonic nanoshells). The plas-
monic nanostructure under study, due to its periodic nature,
gives a distinctively different optical response than its basic
element, i.e., a single metal-coated silica nanoparticle [44],
and can lead to strong suppression of the decay rate of a
nearby QE, as well as of the strongly anisotropic Purcell effect
for an orthogonal QE’s electric dipole directions [45–47].
By employing a density-matrix formalism for the QE and a
multiple-scattering technique for the electromagnetic (EM)
Green’s tensor, we show that the second-order correlation
function of photons stemming from the QE can be enormously
modified by the presence of the plasmonic environment. The
degree of modification of the photon statistics (relative to pure
vacuum) depends on the orientation of the dipole moment
of the quantum emitter relative to the lattice, as well as on
the geometrical characteristics of the NPs. In particular, we
show that under weak external driving, for a QE with its
dipole moment being parallel to the plasmonic lattice, one
can obtain a huge delay in the characteristic crossing time
from antibunching to bunching. We also study the intensity-
intensity correlation function under stronger external driv-
ing and illustrate the emergence of a rather counterintuitive
phenomenon: under appropriate driving conditions (when the
external Rabi frequency is fixed) a reduction or enlargement
of the crossing time is obtained when the decay rates are
decreased or increased with regard to its value in ordinary
vacuum.

This paper is organized as follows. In Sec. II we present the
theoretical part of the paper, starting with the method for the
calculation of the EM Green’s tensor, the spontaneous decay
rates, and electric-field modifications next to the periodic
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plasmonic nanostructure. We continue with a density-matrix
approach for the calculation of the second-order correlation
function of the emitted light from the QE. Then, in Sec. III
we present the numerical results of the paper for different
parameters of the plasmonic nanostructure and the applied
electromagnetic field, as well as for different directions of
the QE electric dipole moments. Finally, we summarize our
results in Sec. IV.

II. THEORY

A. EM Green’s tensor for a 2D periodic nanostructure

The classical EM Green’s tensor is defined through the
following equation:

∇ × ∇ × G(r, r′; ω) − k2G(r, r′; ω) = 13 · δ(r − r′), (1)

where k = √
εdω/c is the wave vector inside the material, ω

is the angular frequency of light, c is the vacuum light speed,
and 13 is the 3 × 3 unit matrix.

We are interested in arrays of nanospheres with 2D period-
icity. However, the presented formalism for the EM Green’s
tensor is more general and entails the case of scatterers of
arbitrary shape [48]. The method employed here is an EM
Green’s tensor formalism based on a layer-multiple-scattering
(LMS) method, which is based on an ab initio multiple-
scattering theory, using a well-documented computer code
[49]. The LMS method is ideally suited for the calculation of
the transmission, reflection, and absorption coefficients of an
EM wave incident on a composite slab consisting of a number
of layers that can be either planes of nonoverlapping scatterers
with the same 2D periodicity or homogeneous plates. For each
plane of particles, the method calculates the full multipole
expansion of the total multiply scattered wave field and de-
duces the corresponding transmission and reflection matrices
in the plane-wave basis [50]. The transmission and reflection
matrices of the composite slab are evaluated from those of the
constituent layers. Having determined the transmission and
reflection matrices via the LMS method, one can proceed to
the calculation of the EM Green’s tensor from [45,51]

GEE
ii′ (r, r′; ω) = gEE

ii′ (r, r′; ω) − i

8π2

∫∫
SBZ

d2k‖
∑

g

1

c2K+
g;z

× vgk‖;i(r) exp(−iK+
g · r)êi′ (K+

g ), (2)

with

vgk‖;i(r) =
∑

g′
Rg′;g(ω, k‖) exp(−iK−

g′ · r)êi(K−
g′ ) (3)

and

K±
g = {k‖ + g, ±[q2 − (k‖ + g)2]1/2}. (4)

The vectors g denote the reciprocal-lattice vectors corre-
sponding to the 2D periodic lattice of the plane of scatterers,
and k‖ is the reduced wave vector which lies within the
surface Brillouin zone associated with the reciprocal lattice
[49]. When q2 = ω2/c2 < (k‖ + g)2, K±

g defines an evanes-
cent wave. The term gEE

ii′ (r, r′; ω) in Eq. (2) is the free-space
Green’s tensor, and êi(K±

g ) is the polar unit vector normal to
K±

g . Rg′;g(ω, k‖) is the reflection matrix which provides the
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FIG. 1. (a) A metal-coated dielectric nanosphere and (b) a two-
dimensional array of such spheres used in this work.

sum (over g’s) of reflected beams generated by the incidence
of the plane wave from the left of the plane of scatterers and
is calculated via the LMS code [49]. We note that Eq. (2) is
derived from the transverse part of the general classical-wave
Green’s tensor [51]. Also, in Eq. (2), the terms corresponding
to s-polarized waves [those containing components with the
azimuthal unit vector êi(K±

g ) normal to K±
g ] have a small

contribution to the decay rates and have been, therefore,
neglected.

The plasmonic nanostructure considered in this work is
a 2D array of touching metal-coated silica nanospheres [see
Figs. 1(a) and 1(b)]. The dielectric function of the shell is
provided by a Drude-type electric permittivity given by

εm(ω) = 1 − ω2
p

ω(ω + i/τ )
, (5)

where ωp is the bulk plasma frequency and τ is the relaxation
time of the conduction-band electrons of the metal.

B. Quantum light-matter interaction and the intensity-intensity
correlation function

The QE is considered a two-level system with ground
state |0〉 and excited state |1〉, with ω0 being the transition
frequency. When describing the quantum light-matter interac-
tion, we follow a medium-dependent quantization procedure
to derive the equation of motion of populations and coher-
ences of the system in a lossy, inhomogeneous environment
[52,53].

We begin with the Hamiltonian of the coupled system,
namely,

H = h̄ω0σz + h̄�(σ+e−iωLt + σ−e+iωLt )

+ h̄
∫

d3r
∫ ∞

0
dωkωk f̂†(r, ωk ; t ) · f̂ (r, ωk ; t )

−
[
σ+

∫ ∞

0
dωk d · E(r0, ωk ) + H.a.

]
, (6)

where σ± are the Pauli raising and lowering operators of the
two-level system located at r0, and driven by an external field
of angular frequency ωL and amplitude E0(r). Also, f† (f)
stands for the bosonic continuum field creation (annihilation)
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operator of the total electric-field operator. In writing Eq. (6)
we have used an index scheme with continuous eigenfrequen-
cies ωk , while d stands for the dipole which is assumed to be
real without loss of generality.

The effective Rabi frequency is determined through � =
〈Edriv(r0, ωL )〉 · d/2h̄. Note that the pump field consists of the
external pumping term plus the scattered field produced by the
metallic nanostructure and reads

Edriv(r0, ωL ) = E0(r0) +
∫

VolMNP

d3r′G(r0, r′, ωL )

× [εm(ωL ) − 1]E0(r0). (7)

The spatial integration in Eq. (7) must be done over the
volume of the nanostructure. In this way we can estimate
that the effective Rabi frequency is � = �0η

u
pl , with �0 =

E0 · d/(2h̄) being the free-space Rabi frequency. Thus, the
quantity ηu

pl can be considered an enhancement (screening)
factor depending on whether the modulus is larger (lower)
than unity, while u = x or u = z depending on whether the
incident field oscillates along the X or Z axis, respectively.
On the other hand, the field E(r0, ωk ) (excluding the external
field) is obtained through [53]

E(r0, ωk ) = 1

ε0

∫
d3r′G(r0, r′, ωk )

·
√

h̄ε0

π
Im[εm(r′, ωk )]f̂ (r′, ωk ). (8)

In a frame rotating at the laser frequency ωL we can write
the Hamiltonian in Eq. (6) as H = Hsys + Hrad + Hint, where
the system, the bath, and the system-reservoir interaction
terms are given as

Hsys = h̄(ω0 − ωL )σz + h̄�(σ+ + σ−)

Hrad = h̄
∫

d3r
∫ ∞

0
dωkωk f̂†(r, ωk; t ) · f̂ (r, ωk; t ),

Hint = −
[
σ+

∫ ∞

0
dωk d · E(r0, ωk ) + H.a.

]
, (9)

where we have used the unitary transformation U (t ) =
exp [−iHradt/h̄], as we are interested in a regime where the ex-
ternal Rabi frequency �0 is within the range of the free-space
decay rate of the atomic system 
0 and the field enhancement
ηpl is close to unity, as shown below.

The transformed Hamiltonian reads H̃ = U †(t )HU (t ). By
taking the trace over the reservoir in the interaction picture,
within the Born-Markov approximation to second order in
interaction, and then by going back to the original picture, we
obtain the following master equation:

ih̄
∂

∂t
ρ = [Hsys, ρ] + Lρ, (10)

where Lρ stands for the Liouvillian of the system in-
teracting with the nanostructured reservoir, reading Lρ =


2 (2σ−ρσ− − σ+σ−ρ − ρσ+σ−). 
 is obtained through


 = μ0μ
2ω2

0

h̄
{û · ImG(r, r; ω0) · û}, (11)

with û being the unit vector in the direction of the dipole
moment d. In deriving the Liouvillian in Eq. (10) we have

considered the plasmonic reservoir to be at zero temperature,
which in the optical range is quite adequate.

We are interested in the statistical properties of the light
scattered by the QE in close proximity to the plasmonic
nanostructure. This is done by evaluating the normalized
second-order correlation function of the fluorescent signal
emitted by the system [31–34], given by

g(2)(�r, t, �r, t + τ ) = G(2)(�r, t, �r, t + τ )

G(1)(�r, t )G(1)(�r, t + τ )
. (12)

The first- and second-order correlation functions appearing
in Eq. (12) can be expressed in terms of the positive- and
negative-frequency parts of the electric-field operators as

G(1)(�r, t ) = 〈 �E−(�r, t ) �E+(�r, t )〉,
G(2)(�r, t, �r, t + τ ) = 〈 �E−(�r, t ) �E−(�r, t + τ )

× �E+(�r, t + τ ) �E+(�r, t )〉, (13)

while the negative-frequency part of the fluorescent field in
the far-field zone (|�r| 	 c/ω0) reads

�E−(�r, t ) = ω2
0

c2|�r|dσ10(t − |�r|/c) û (14)

and �E+(t ) = [ �E−(t )]†. We assume that the first- and second-
order correlation functions leading to Eq. (12) are determined
under stationary conditions by invoking the quantum regres-
sion theorem. In the particular case where the system is driven
on resonance (ωL = ω0) it can be shown that [31,32]

g(2)(�r, t, �r, t + τ )

= 1 − e−(3/4)
τ

[
cosh(κτ ) + 3


4κ
sinh(κτ )

]
, (15)

where κ = 1/2
√


2/4 − 16�2. In view of Eq. (15) we can
devise the existence of a threshold at � = 
/8 below which
the solution monotonically approaches the steady-state value
of unity; that is, the system remains in the antibunching
regime. And for values above the threshold, the solution tends
to oscillate, exhibiting dark periods, where the emission of a
second photon is inhibited until the system recovers from the
previous emission and can produce a subsequent photon. In
what follows we will define “crossing time” τc as the instant
when the system makes the first transition from antibunching
to bunching, when applicable. It is clear that the second-order
correlation function g(2)(�r, t, �r, t + τ ) and the crossing time τc

depend strongly on the nanostructured photonic environment
in which the QE is embedded. Their behavior for the specific
2D plasmonic nanostructure will be presented in the following
section.

III. RESULTS AND DISCUSSION

Now we resort to numerical simulations for the properties
of the system. As a first step we determine the decay rates
of a dipole located a certain distance d from the periodic
nanostructure. We will normalize the angular frequencies and
distances using the plasma frequency ωp of the metallic part
of the nanostructure. We note that although this frequency is
different from the plasmon frequency of the periodic nanos-
tructure, it is more convenient to use it for normalization.
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FIG. 2. Decay rate for a dipole which is oriented (a) normally and (b) parallel with respect to the plasmonic nanostructure as a function of
the normalized emitter frequency ω0 for various (normalized) distances d to the plasmonic nanostructure (with exact values of d shown in the
inset). 
0 is the decay rate in the vacuum.

A typical value for the plasma frequency for gold is h̄ωp =
8.99 eV. This also determines the length scale of the system
as c/ωp ≈ 22 nm. The dielectric constant of SiO2 is taken
as ε = 2.1. In the calculations we have taken τ−1 = 0.05ωp.

The lattice constant of the square lattice is a = 2c/ωp, and the
sphere radius S = c/ωp, while the shell thickness dshell (core
radius Sc = S − dshell) is varied parametrically. The QE is
placed at a distance d (in c/ωp units) from the nanostructure,
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FIG. 3. Decay rate for a dipole which is oriented (a) normally and (b) parallel with respect to the plasmonic nanostructure as a function of
the normalized emitter frequency ω0 for various (normalized) thicknesses dshell (with exact values of dshell shown in the inset). 
0 is the decay
rate in the vacuum, and the emitter is placed at a distance d = 0.5c/ωp from the lattice. (c) Field enhancement factor ηx

pl as a function of the
normalized emitter frequency ω0 for various (normalized) thicknesses dshell.
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FIG. 4. Second-order correlation function of the emitted photons from a QE whose dipole moment is parallel to the nanostructure at
different distances d from the lattice for a QE with transition frequency ω0 = 0.64ωp: d = 0.2c/ωp (red solid curve), d = 0.3c/ωp (blue dashed
curve), d = 0.4c/ωp (black dash-dotted curve), d = 0.5c/ωp (cyan dotted curve). The solid black curve corresponds to the case without the
2D lattice. (a) �0 = 0.0025
0, (b) �0 = 0.075
0, and (c) �0 = 0.25
0. (d) Crossing time τc from antibunching to bunching as a function of
the decay rate 
‖ and the free-space Rabi frequency �0.

while its dipole moment may be oriented parallel or normal to
the 2D lattice of nanoparticles.

Figure 2 shows the decay rates for a QE versus the tran-
sition frequency ω0 in units of ωp for the cases where the
dipole moment is oriented perpendicular (
⊥) and parallel
(
‖) to the 2D lattice of nanoparticles (note that the decay
rates are expressed in units of 
0, with 
0 being the decay rate
of the QE in the absence of the nanostructure). The reported
calculation is based on Eq. (11). Here, we find that for a dipole
oriented along the Z axis [see Fig. 2(a)] the decay rate exhibits
a large enhancement (up to a 200-fold increase) at certain
frequency values of ω0. As for the case where the dipole
is oriented perpendicular to the Z axis, the decay rates are
strongly reduced (up to a 20 000-fold decrease). This strong
anisotropy of the decay rates will modify the photon statistics
produced by the QE, as we will show below.

An additional degree of freedom to tailor the effect of
the nanostructure on the QE is the selection of different
designs for the individual nanoparticles which form the 2D
nanostructure. The dependence of the decay rate on gold shell
thickness dshell of the nanoparticles comprising the lattice is

shown in Figs. 3(a) and 3(b). These two plots are derived
for the same distance, d = 0.5c/ωp, between the QE and the
2D lattice. We observe that the degree of dependence on the
shell thickness is not the same for the two types of dipole
orientations (parallel and perpendicular).

In addition, we have calculated the field enhancement
factor ηx

pl for the two different dipole orientations, as shown
in Fig. 3(c). Namely, we observe that the field enhancement
is less than unity, indicating a screening effect of the nanos-
tructure on the applied EM field. It is worth mentioning that
the numerical simulations reveal that the values of ηx

pl do
not depend on the distance d since the electric field, at such
distances, consists exclusively of far-field components of the
EM field (propagating waves) and, as such, it does change
with distance, as is the case for the near-field components
(evanescent waves).

Figures 4(a)–4(c) present the time evolution of the
intensity-intensity correlation of the emitted photons for sev-
eral distances between the QE and the nanostructure, as well
as for the QE in vacuum. The transition frequency of the QE
is taken to be ω0 = 0.64ωp, which is in the region where the
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FIG. 5. Second-order correlation function of the emitted photons from a QE whose dipole moment is perpendicular to the nanostructure
for different distances d from the lattice for a QE with transition frequency ω0 = 0.64ωp: d = 0.2c/ωp (red solid curve), d = 0.3c/ωp (blue
dashed curve), d = 0.4c/ωp (black dash-dotted curve), d = 0.5c/ωp (cyan dotted curve). The solid black curve corresponds to the case without
the 2D lattice. (a) �0 = 0.5
0 and (b) �0 = 5.0
0.

decay rate 
‖ exhibits strong suppression with respect to the
free-space case. The Rabi frequencies used to produce these
plots differ markedly: in Fig. 4(a), we have used a very small
free-space Rabi frequency, so that the system remains in the
antibunching regime when the QE is isolated. We observe that
the solid and dashed curves show a similar behavior, whereas
for the other two cases, the dash-dotted and dotted curves, we
obtain large values for the crossing time, i.e., τc ≈ 810/
0 and
τc ≈ 430/
0, respectively. These two values of τc are depicted
as open circles in Fig. 4(a). Even more dramatic results have
been found from the study of the fluorescent field produced
by QEs located close to different metallic nanostructures due
to stronger suppression of the decay rates [9,21].

A small increment of the free-space Rabi frequency �0

can produce dramatic changes for all the distances, as shown
in Fig. 4(b). At the same time, the QE remains in the an-
tibunching regime for the free-space case [see the inset in
Fig. 4(b)]. In the presence of the nanostructure the situation is
strongly altered compared to the QE in ordinary vacuum and,
in spite of the extremely low value of �0, the hybrid system
still exhibits Rabi oscillations. The origin of this behavior
relies on the strong reduction of the decay rate, in which case
the system reaches the threshold of oscillations, as discussed
after Eq. (15). In the free-space case, κ remains real, and
the system remains in the antibunching regime. Note that
the crossing time τc depends on the distance d between the
QE and the nanostructure. The case presented in Fig. 4(c)
is calculated by setting �0 in the range above the threshold
for the vacuum case [see the inset in Fig. 4(c)]. Here, we
can readily observe that the effect of the nanostructure is to
accelerate the transition to the bunching regime; that is, the
value of τc is shortened compared to the free-space case. For
the case considered in Fig. 4(c), the crossing time τc depends
weakly on the distance d .

The time instant when the system exits the antibunching
regime for the first time (τc) can be easily determined through
numerical methods following Eq. (15). The dependence of
this crossing time τc on both the decay rate 
‖ and the

free-space Rabi frequency �0 is presented in Fig. 4(d). Here,
the values of �0 have been parametrically varied within the
weak-driving limit, which is responsible for the large values
of τc, and delays the emission of a second photon after the first
one is detected at τ = 0.

Next, we study the case when the dipole moment of the QE
is perpendicular to the 2D lattice. We have kept the transition
frequency of the QE constant at ω0 = 0.64ωp as in the pre-
vious case. The results are presented in Fig. 5 for two values
of the free-space Rabi frequency. Here, it is worth noting that
the values of �0 have been enhanced in comparison to the
ones used to produce Fig. 4 so as to maintain the system
either below or above the threshold condition for obtaining
Rabi oscillations. As for the case depicted in Fig. 5(a), we
observe the complete inhibition of a second photon emission
when the QE is in the presence of the nanostructure for all
the distances d considered. An increase of �0 by an order of
magnitude results in the curves depicted in Fig. 5(b). Here,
the main effect of the nanostructure is to delay the transition
to the bunching regime with respect to the value of τc achieved
in vacuum. This is in clear contrast to the results depicted
in Fig. 4(c). The curves presented in Figs. 4(c) and 5(b)
are counterintuitive in the sense that we obtain a reduction
(enhancement) of the crossing time when the decay rates are
decreased (increased) with respect to the values in ordinary
vacuum.

Figures 6(a)–6(c) present the time evolution of the
intensity-intensity correlation of the emitted photons for dif-
ferent shell thicknesses dshell and a fixed distance from the
QE to the 2D lattice (in comparison with the QE being in
vacuum). In this case the transition frequency of the QE was
selected to be ω0 = 0.568ωp, while we have taken various
values for the free-space Rabi frequency. For the smallest
value of �0 we present the curves in Fig. 6(a). We observe
that the values of the crossing time vary from ≈75/
0 for the
solid curve to ≈250/
0 for the dashed curve. In this regime
of low driving the isolated QE remains in the antibunching
regime. In the case of the intermediate value of �0 used to
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FIG. 6. Second-order correlation function of the emitted photons from a QE whose dipole moment is parallel to the nanostructure at a
fixed distance d = 0.5c/ωp from the lattice and different values of the shell thickness for a QE with transition frequency ω0 = 0.568ωp:
dshell = 0.30c/ωp (red solid curve), dshell = 0.35c/ωp (blue dashed curve), dshell = 0.40c/ωp (black dash-dotted curve), dshell = 0.50c/ωp (cyan
dotted curve). The solid black curve corresponds to the case without the 2D lattice. (a) �0 = 0.025
0, (b) �0 = 0.075
0, and (c) �0 = 0.25
0.

produce Fig. 6(b) we recover a result similar to the one found
in Fig. 4(b). However, it should be noted that the values of τc

obtained for this QE differ from the previous ones. A similar
trend is observed in Fig. 6(c), where the different curves grow
apart from each other. The same holds for the period of the
Rabi oscillations (related to 1/κ) as a consequence of the
combined effect of the strong modifications of the decay rates
and the field enhancement ηx

pl . Evidently, the time evolution
of the intensity-intensity correlation may be strongly modified
with the shell thickness, providing an additional degree of
tunability for the statistics of the emitted photons.

IV. CONCLUSIONS

We have studied theoretically the photon statistics of light
emitted by a QE in the vicinity of a two-dimensional array of
metal-coated silica nanospheres. Namely, we have employed
a macroscopic QED formalism along with a density-matrix
approach in order to obtain the second-order correlation
functions of the photons generated by the QE modified by
the presence of an external photonic bath. The photonic

bath was simulated as that of a 2D square lattice of gold-
coated silica spheres (gold nanoshells) via an electromag-
netic Green’s tensor. We have found, in particular, that the
photon statistics are dramatically modified by the lattice of
nanoparticles. In addition, we have shown that the crossing
time from antibunching to bunching depends very strongly on
the orientation of the quantum emitter relative to the lattice,
on the transition frequency of the emitter, on the intensity of
the applied electric field, and on the geometrical parameters
of the nanoparticles. In particular, we have shown that for
a weakly driven QE with its dipole moment being parallel
to the plasmonic lattice, the characteristic crossing time can
increase by two orders of magnitude relative to the case of the
free-space vacuum. Under stronger external driving it was also
shown that under appropriate driving conditions (when the
external Rabi frequency is fixed), a reduction or enhancement
of the crossing time is observed when the decay rates are
decreased or increased with respect to their values in ordinary
vacuum. Finally, we have also shown that the thickness of the
plasmonic nanoshells can act as another control parameter of
the photon statistics.
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