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In this work, we theoretically investigate the optical properties of a topological-insulator nanoparticle–
quantum emitter dimer interacting in the strong-coupling regime. The calculations are based on a recently
developed semianalytical technique based on a multiple-scattering polaritonic-operator formalism in conjunction
with an electromagnetic coupled dipole method. We calculate the light spectrum of the above dimer and report the
emergence of a mode that stems from the coupling of the surface topological particle polariton of the topological
insulator with the resonance state of the quantum emitter.
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I. INTRODUCTION

In condensed-matter physics, classifying distinct phases of
matter has been traditionally understood in terms of the spon-
taneous breaking of underlying symmetries [1] of the relevant
systems. A notable exception regarding this classification
paradigm is the quantum spin Hall effect [2] introducing the
notion of topological order [3,4], i.e., that these states of
matter do not spontaneously break any symmetries yet define
a topological phase in the sense that certain fundamental
properties of such states remain unaffected with respect to
smooth changes in material parameters. Recently, a new class
of materials has emerged, namely, that of topological insula-
tors (TIs) [5], that has attracted a lot of attention in the field
of solid-state physics [6]. Topological insulators are electronic
materials that have a bulk band gap like an ordinary insulator
but have protected conducting states on their edge or surface.
Such states are possible due to the combination of spin-orbit
interactions and time-reversal symmetry [7,8]. They have
been experimentally observed in mercury telluride quantum
wells [9,10], bismuth antimony alloys [11,12], and Bi2Te3

and Bi2Se3 bulk crystals [13–16], while further studies have
been performed in spherical [17–19] and cylindrical [20–22]
geometries as well as bulk TIs terminated at an arbitrary
crystal face [23] and thin films [24].

Recently, the impact of such topologically protected (sur-
face) states in the optical properties of topological insulator
nanoparticles (TINPs) was investigated [25], illustrating that,
under the influence of light, a single electron in such a state
creates a surface charge density similar to a plasmon in a
metallic nanoparticle. Furthermore, such an electron can act
as a screening layer, effectively suppressing absorption inside
the particle, and can couple phonons and light, giving rise to
a previously unreported topological particle polariton mode.
In the present work, we theoretically investigate the behavior
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of this surface topological particle (SToP) mode in the case
where the TINP interacts strongly with a single quantum
emitter (QE) by means of calculation of the light spectrum
of the system. We find, in particular, that the SToP mode
couples strongly with the resonance of the QE, giving rise to a
hybrid mode, the signal output of which, as well as its spectral
location, can be primarily tuned by controlling the TINP size.
This result could prove useful in enhanced light-matter inter-
actions in the terahertz range where the systems under study
are QE-TINP arrays (for instance, binary chains) and calls for
more investigation. The calculations were performed by im-
plementing a previously developed technique [26], based on a
multiple-scattering polaritonic-operator formalism [27,28] in
conjunction with an electromagnetic coupled dipole method
that enables the study of hybrid collections of quantum emit-
ters (atoms, molecules, and quantum dots) with nanoparticles
(NPs). As a result, it can be further utilized in future studies
of collections comprised of many QE-TINP dimers.

II. THEORY

In this section the two main components of the method
analytically presented in Ref. [26] are outlined. During the
first step of the following method, a collection of nanoparticles
is initially assumed to be embedded inside a material, while
the quantum emitters are assumed to be inserted a posteriori.
This initial “bare” system (NPs + dielectric) is described in
terms of the coupled dipole approximation (CDA) wherein the
nanoparticles are modeled as point dipoles and quantum emit-
ters are modeled as fictitious point dipoles with zero polariz-
ability. This allows for the calculation of the (local) electric
field E(r, ω), which excites a fictitious dipole located at r as
the sum of the directly incident field on the (fictitious) dipole
plus the field scattered off all other dipoles (corresponding to
the NPs of the bare system) incoming to the specific dipole.
Via the same scheme, one may calculate the electromagnetic
(EM) Green’s tensor dyadic G(r, r′; ω), where r and r′ are
positions of the above fictitious dipoles both for r = r′ and
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r �= r′. Namely, G(r, r′; ω) of a collection of M NPs (where
r and r′ are two position vectors in space) is calculated in the
following manner. In order to calculate G for r = r′, M + 1
dipoles are constructed, where the first M correspond to the
NPs of the above collection (with polarizabilities as described
further below) while the last one corresponds to a fictitious
dipole (at r = r′) with polarizability set to zero. Similarly, in
order to calculate G for r �= r′, M + 2 dipoles are constructed
and the last two polarizabilities are set to zero, corresponding
to two fictitious dipoles (located at r and r′).

Within the CDA, one may calculate the classical EM
Green’s tensor dyadic between the ith and jth dipoles,
Gi j (ω)[≡ G(ri, r j ; ω)], for a finite collection of M nanopar-
ticles (modeled as point dipoles) embedded in a material
of relative dielectric permittivity εd via the following linear
system of 3M equations [29]:

M∑
k

[
δik − ω2

c2
αk (ω) · G0

ik (ω)

]
· Gk j (ω) = G0

i j (ω). (1)

Here, G0
i j = eikri j

4πri j
[(1+ ikri j−1

k2r2
i j

) · 13+ 3−3ikri j−k2r2
i j

k2r2
i j

· (r̂i j ⊗ r̂i j )] is

the (homogeneous) free- space Green’s tensor (k2 = ω2

c2 ), and
αk is the polarizability tensor of the kth nanoparticle. Fur-
thermore, using the scheme involving the fictitious dipoles
mentioned in the beginning of this section, one may also
evaluate Gi j (ω) at the positions of the quantum emitters (to
be inserted). Equation (1) is solved by employing a numerical
solver such as a conjugate gradient method.

In our work, an accurate formula for the polarizabil-
ity was chosen so as to account for the radiation-reaction
effect [30–32]:

α(ω) = α0(ω)

1 − iα0(ω)ω3√εd

6πc3

. (2)

Here, α0(ω) is the bare polarizability, given by the Clausius-
Mossoti relation, typical for small spherical nanoparticles of
radius S, with relative dielectric permittivity εm embedded in
a material of relative dielectric permittivity εd :

α0(ω) = 4πεd S3 εm(ω) − εd

εm(ω) + 2εd
. (3)

Given this finite collection of M nanoparticles, one may
solve the light-scattering problem within the coupled dipole
method. Specifically, if the above collection is embedded in a
material of relative dielectric permittivity εd and impinged by
an incident field Einc, the (local) electric field Ei that excites
the ith dipole of the collection can be obtained through [33,34]

Ei(ω) =
⎛
⎝Einc

i (ω) + k2
M∑
j �=i

G0
i j (ω) · α j (ω) · E j (ω)

⎞
⎠. (4)

Within the CDA, the dipole moment of each NP (Pi =
αi · Ei) is initially calculated via the following system of 3M
equations [33]:

M∑
j

[
δi j − k2αi(ω) · G0

i j (ω)
] · P j (ω) = αi(ω) · Einc

i (ω). (5)

Here, M is the number of the NPs and Einc
i is the incident field

at the position of the ith nanoparticle of the bare collection.
One can then calculate quantities such as the absorption,
scattering, and extinction cross sections of the collection (see
Sec. III).

Having calculated the dipole moments of the nanoparticles,
one can afterwards evaluate the (local) field at the position of
each fictitious dipole of a collection of N + M dipoles where
N corresponds to fictitious ones with zero polarizability (N
quantum emitters to be inserted) and M corresponds to the
nanoparticles of the bare system, again via Eq. (4):

Ei(ω) = Einc
i (ω) +

M∑
j

k2G0
i j (ω) · P j (ω). (6)

Here, however, i always concerns the ith fictitious dipole
while j runs through the entire collection of the M dipoles
corresponding to the nanoparticles of the bare system.

Afterwards, the ensemble of quantum emitters may be
inserted into the bare system via the second component of
our method, i.e., the multiple-scattering formalism. Here, one
typically starts with the following diagonalized Hamiltonian
stemming from a macroscopic QED formalism [35,36]:

H =
∫

d3r
∫ ∞

0
dωh̄ωf̂†(r, ω; t ) · f̂ (r, ω; t ) +

N∑
n=1

h̄

2
�nσ̂

z
n (t )

−
N∑

n=1

[σ̂+
n (t ) + σ̂−

n (t )]Pn · (F̂(+)(r; t ) + F̂(−)(r; t )).

(7)

In Eq. (7) all EM information regarding the nanoparticles
is remapped in the dyadic Green’s function of the bare system
(NPs and surrounding dielectric) G(r, r′; ω), as one may
observe in the expression of the electric field operator,

F̂(+)(r, ω; t ) = i

√
h̄

πε0

∫ ∞

0
dω

ω2

c2

∫
d3r′√Im [εm(r′, ω)]

× G(r, r′, ω) · f̂ (r′, ω; t ), (8)

where εm(r, ω) is the complex dielectric function of the
nanoparticles. G(r, r′; ω) can be determined via Eq. (1) in the
context of CDA. The first term of the Hamiltonian involves
the polaritonic vector field operators f̂ (r, ω; t ), and represents
the elementary excitations of the light-matter system. The
quantum emitters are introduced as point dipoles with dipole
moment Pn and natural frequency �n (assumed complex
�n = ω0 − iγQE/2 to account for internal nonradiative decay
rate γQE) through the Pauli operators σ̂n in the second term
of the Hamiltonian. The third term represents the coupling
between the ensemble of quantum emitters and the bare
system (NPs and dielectric).

Following the procedure introduced in Ref. [27], one may
obtain the electric field operators by means of a multiple-
scattering problem. Specifically, by performing a Laplace
transform in the Heisenberg equations of motion, and then
tracing out the fermionic operators (σ̂ ), one may obtain a
Lippman-Schwinger equation for the field operator F̂, where
the quantum emitters appear as point scatterers and quantum
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source operators. In the process, the low-excitation-regime
hypothesis is assumed in order to approximate (σ̂ ) as bosonic,
while the electric field operators are determined via multiple-
scattering techniques. The process sketched above, and de-
scribed in more detail in Ref. [28], allows for the definition of
a “dressed” dyadic Green’s function, the N-scattering Green’s
tensor G(N )

source(r, rn; ω) associated with the fluorescence of the
N quantum emitters of the ensemble. G(N )

source(r, rn; ω) can
be used to describe the full propagation from the n0th QE
to the detector (placed at r = R) via its corresponding light
spectrum,

Sn0 (R, ω) =
N∑
n

∣∣∣∣ ω2

ε0c2
G(N )

source(R, rn; ω) · Pn

∣∣∣∣
2

×
(

δn,n0

|ω − �n|2
+ 1 − δn,n0

|ω + �n|2
+ δn,n0

|ω + �n|2
)

,

(9)

then summed incoherently over n0 in order to obtain the light
spectrum stemming from all quantum emitters measured at the
position of the detector,

S(R, ω) =
N∑
n0

|bn0 |2Sn0 (R, ω), (10)

with bn0 = Pn0 · E0(rn0 , ω). E0 is the (classical) electric field
amplitude of an incident plane wave scattered by the nanopar-
ticles, incoming to the positions of the QEs. It can be calcu-
lated in the context of CDA, via Eq. (6), for an incident plane
wave Einc

0 = E inc
0 eik·r that excites the QE-NP collection.

III. RESULTS AND DISCUSSION

The spherical insulator nanoparticle (INP) under study (see
Fig. 1) is made of Bi2Se3 in which case the bulk dielectric
function is modeled by

εinp(ω) =
∑

j=α,β, f

ω2
p j

ω2
0 j − ω2 − iγ jω

(11)

and includes contributions from α and β transverse phonons,
and free charge carriers ( f ) arising from the bulk defects.
The parameters for the three terms present in Eq. (11) are
taken from a fit to experimental data [37] on bulk Bi2Se3. In
Ref. [25] the surface states were found using a low-energy
Hamiltonian valid close to the Dirac point [22,38]. Specif-
ically, time-dependent perturbation theory was employed in
the analytical model of a spherical TINP [22] which, for small
radii, yields a discretized Dirac cone on a spherical surface.
The effect of the topologically protected surface states is then
reflected on the dielectric function of Eq. (11) via inclusion of
a TINP radius-dependent term δR [25],

δR = e2

6πε0

(
1

2A − h̄ωR
+ 1

2A + h̄ωR

)
. (12)

Here, R is the TINP radius, ω is the angular frequency of
the incident light, and A = 0.3 eV nm is a constant obtained
from density functional theory calculations [38], related to the
equally spaced surface states of the TINP that stem from spin-
orbit coupling (see the supplemental material of Ref. [25]).

FIG. 1. Calculation (of light spectrum) setup: A Bi2Se3 TINP-
QE dimer is illuminated by a normally incident field (k ‖ z). The
corresponding electric field is polarized along the x axis while the
dipole moment of the QE is assumed to be parallel with the former.
The detector is placed at a theoretically infinite distance (practically
at a very large distance) so as to capture only the far-field components
of light. The absorption cross section (see main text) is calculated for
the TINP in the absence of QE.

Introducing this term results in the modified dielectric func-
tion for a TINP,

εtinp = εinp + δR. (13)

In Fig. 2 we present results of the absorption cross section of
a single Bi2Se3 TINP (which for the following calculations
is modeled as a point dipole) of varying radius embedded
in vacuum (εd = 1) in order to probe the two main features
reported in Ref. [25], namely, the SToP mode and the point of
zero absorption, via

Cabs = 4πk∣∣E inc
0

∣∣2

M∑
i=1

[
Im(Pi · E∗

i ) − 2

3
k3|Pi|

]
, (14)

where Ei and Pi are the local electric field at the position of
each point dipole and its corresponding dipole moment, both
calculated within the CDA. The TINP is illuminated by a
normally incident plane wave (k ‖ z),

Einc
0 = E inc

0 e−ik·zx̂. (15)

For TINP radii in the range 40–90 nm, the SToP mode lies
in the frequency range between the Bi2Se3 localized surface
plasmon-polariton (LSPP) mode located at 1 THz and the β

phonon located at 3.72 THz. For the above range, aside from
the presence of the SToP mode, it is evident that the zero in
absorption is present at frequencies obeying 2A = h̄ωR [25].
Of note is the fact that the SToP mode diminishes with in-
creasing particle size as the former approaches the frequency
of the α phonon of Bi2Se3 located at 2 THz, hinting at one of
the conclusions of Ref. [25], namely, that the mode arises due
to the interaction of the electrons in the surface states with the
bulk α phonon. For a TINP size of R ≈ 73.8 nm, the SToP
mode is located directly at the location of the α phonon, thus
nearly fully suppressed, yielding an absorption cross section
that differs from the corresponding of an ordinary insulator
nanoparticle only by the zero in absorption (Fig. 3).

In all the following we calculate the light spectra (in
arbitrary units) of TINP-QE hybrid systems with respect to
incident light angular frequency (ω) as described by Eq. (10)
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FIG. 2. Absorption cross section of a single Bi2Se3 TINP embedded in vacuum of varying radius as discussed in the main text. The key
features are the emergence of the SToP mode accompanied by a zero in absorption. With increasing TINP radius, bulk effects become more
prominent as reflected in the progressively stronger LSPP and β-phonon peaks. The SToP mode peak is significantly weaker in the vicinity of
the α phonon, hinting at the coupling of the surface topological plasmon with the former.

and the method discussed in the previous section, wherein the
QE transition angular frequency (ω0) is parametrically varied.
The computational setup we have assumed is shown in Fig. 1.
The light spectra have been calculated via a programming
code implementing the above method using a discretization of
201 steps for the frequency domain, corresponding to a mesh
of 201 × 201 frequencies. The results in all subsequent figures
are presented in terms of incident light frequency ( f ) and
QE transition frequency ( f0). For the first set of calculations

we choose a TINP of R = 50 nm. Namely, we calculate the
light spectrum of a hybrid nanostructure comprised of a single
TINP interacting with a two-level QE placed 1 nm above it
to ensure strong interaction between the TINP and QE. The
system, as with the previous calculations, is assumed to be
embedded in vacuum and illuminated by a normally incident
plane wave with an electric field polarized along the x axis.
The transition dipole moment of the quantum emitter is set
to P = 0.2 e nm, parallel with the electric field. The light

FIG. 3. Absorption cross section of a single Bi2Se3 TINP (red) embedded in vacuum juxtaposed with the absorption cross section of an
ordinary INP (blue) of the same radius. For R = 50 nm (left), the zero in absorption is accompanied by the (prominent) SToP mode. For
R = 73.8 nm (right), the SToP mode is tuned to the frequency of the bulk α phonon, rendering it nearly nonexistent with the zero in absorption
remaining the only discernible difference with the absorption cross section of an ordinary insulator nanoparticle of the same radius.
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FIG. 4. Light spectra of the hybrid system under study for the case for γqe = 15 meV (left) and for γqe = 0.8 μeV (middle and right). It
can be seen that the QE resonance couples with the SToP polariton, giving rise to a previously unreported mode. The right-hand panel is the
same as the middle one, but for a five-times-larger value of the dipole moment, in order to clearly discern the characteristics of the coupling.

spectrum is obtained at (theoretically) infinite distance along
the x axis (practically at a large distance) so as to capture
only the far-field components of light. Figure 4 illustrates the
importance of the value of the internal nonradiative decay
rate γqe to the coupling of the SToP polariton with the QE
resonance. Corresponding light spectra are presented respec-
tively for the case of a QE with a slow decay rate, γqe =
15 meV (e.g., an organic molecule) and a fast decay rate,
γqe = 0.8 μeV (e.g., a quantum dot [39,40]). For the slow
decay rate (left-hand panel of Fig. 4), the light spectrum is
almost featureless. For the fast decay rate (middle and right-
hand panels of Fig. 4), it is evident that there is an avoided
crossing area in the region of the SToP mode corresponding
to the coupling between the QE resonance and the surface
topological particle polariton, giving rise to a novel mode. The
mode, as can be seen in Fig. 4 (right-hand panel) wherein the

coupling strength was tuned at fivefold to accurately capture
the features of the coupling, presents a bottleneck below the
avoided crossing area that stems from the spectral vicinity of
the SToP mode with the zero in the absorption cross section
of the TINP (Fig. 2). We must stress here that assuming a
QE with fast decay rate (γqe = 0.8 μeV) means considering
the exciton resonance of a quantum dot which might reach
the size of 10 nm. In that case, our formalism, which treats
QEs as point objects, cannot account for possible size effects
that may occur and can be taken into account by classical EM
treatments of the excitons [41–43]. However, finer quantum
phenomena such as superradiance or quenching of fluores-
cence cannot be captured unless the quantum mechanics of
the QE-NP hybrid comes into play [44–48].

In all the following calculations we assume a TINP-QE
system with γqe = 0.8 μeV embedded in vacuum (εd = 1)
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FIG. 5. Light spectra of the hybrid system under study for TINP radius R = 30 nm (left), R = 20 nm (middle), and R = 10 nm (right). The
coupling between the SToP polariton and the QE resonance grows stronger and blueshifts as the TINP size decreases. The output signal of the
coupling (middle of the avoided crossing area) as well as its spectral location can be tuned simply by controlling the TINP size (in all cases
the system is assumed to be embedded in air).
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FIG. 6. Line plots of the light spectra of the hybrid system under study for a TINP radius R = 30 nm (left), R = 20 nm (middle), and
R = 10 nm (right), with respect to incident light frequency ( f ) wherein the quantum emitter resonance ( f0) is kept fixed at f0 = 4.4 THz (left),
f0 = 6.1 THz (middle), and f0 = 8.8 THz (right), corresponding to the middle of each avoided crossing area depicted in Fig. 5. For the case
where the TINP radius is R = 30 nm and R = 20 nm, there is evidence of two distinguishable peaks forming in the spectral region of the
corresponding avoided crossing points. For the case where the TINP radius is R = 10 nm, the two peaks are more pronounced.

with QE transition dipole moment set at P = 0.2 e nm. In
Fig. 5, we present the light spectra for the hybrid system
under study for various TINP radii R < 50 nm; up to the
lower threshold, the TINP model presented in Ref. [25] re-
mains valid, ensuring that there is enough bulk material to
support the surface states. We observe that the hybrid mode is
blueshifted and characterized by wider avoided crossing areas,
i.e., stronger coupling. Of note is the fact that no bottleneck
regions are present in the spectral vicinity of the (more well-
defined) avoided crossing area, hinting at the progressively
diminishing effect of the zero in the absorption cross section
of the TINP.

In Fig. 6, we present the light spectra for the hybrid system
under study as a function of single frequency. Specifically we

keep the quantum-emitter transition frequency f0 fixed at the
value corresponding to each crossing point observed in Fig. 5,
and present the corresponding light spectrum as a function
of incident light frequency ( f ). In all cases, one can observe
the formation of two spectrally distinct peaks due to the
coupling of the SToP polariton and the QE resonance which
become more pronounced with decreasing TINP size. In Fig. 7
we extract a value for the corresponding Rabi splitting of
the above cases. We note that, in an actual experiment, for
this hybrid system to be in the strong-coupling regime, the
energy separation corresponding to the avoided crossing area,
the Rabi splitting, should be larger than the linewidths of
the surface topological particle polariton and QE resonance
states [49].
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FIG. 7. Light spectra of Fig. 6 in a narrower frequency range to assess the magnitude of the Rabi splitting. A Rabi splitting of approximately
fR ≈ 0.1 THz can be extracted for the case where the TINP radius is R = 30 nm (left). For a TINP radius of R = 20 nm (middle), the Rabi
splitting is slightly larger ( fR ≈ 0.11 THz). Finally, a larger Rabi splitting of approximately fR ≈ 0.22 THz is observed for the case where the
TINP radius is R = 10 nm (right).
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FIG. 8. Light spectra of the hybrid system under study for TINP radius R = 20 nm wherein the QE distance (d) from the surface of the
TINP is set at d = 10 nm (left), d = 5 nm (middle), and d = 1 nm (right). It is evident that the SToP polariton–QE resonance coupling becomes
stronger with decreasing interparticle distance.

Figure 8 illustrates the dependence of the hybrid mode
with respect to the QE-TINP distance for a fixed TINP radius
R = 20 nm. As expected, decreasing the separation between
the TINP and the QE results in stronger coupling between
the two, reflected in the progressively more well-defined
avoided crossing area in the spectral region of the SToP mode
corresponding to a TINP of the above radius.

Figure 9 presents, for completeness, the light spectra of
the system under study wherein the TINP radius is set at
R > 50 nm, illustrating the diminishing effect of the SToP
mode (and by extension the hybrid mode due to the presence
of the quantum emitter) with increasing TINP size, as well
as an almost complete absence of the SToP mode in the case
where the TINP size is tuned so that the former coincides with
the bulk α phonon of Bi2Se3. Here, we must stress that, in all
our calculations, the TINP is treated as a point dipole which is
justified by the small sphere radii compared to the wavelength
(the terahertz regime is an ultrasubwavelength regime for
the sphere radii considered here, up to 100 nm). However,

for much larger nanoparticle radii, the multiple-scattering
polaritonic operator formalism employed here can readily
provide a discrete dipole approximation (DDA) calculation
for the TINP, as it can treat collections of an arbitrary number
of point dipoles. It can thus simulate more realistically a
TINP by considering it as a collection of point dipoles in the
spirit of DDA. However, as explained above, due to much
longer wavelength of incident radiation (terahertz regime)
compared to the TINP sizes, a DDA correction would add
rather unnecessary calculation complexity to our study.

We should note that the hybrid TINP-QE mode is of similar
nature with respect to the modes emerging when a plasmonic
nanoparticle interacts strongly with a QE [26]. However, in
the case of the present work, i.e., the TINP-QE interaction,
all phenomena manifest themselves much more dramatically
due to the lower amount of inherent losses of the TINP
in the region around the SToP resonance. This results in
more pronounced peaks in the corresponding spectra, larger
Rabi splittings (relative to the resonance frequency), wider
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FIG. 9. Light spectra of the hybrid system under study for TINP radius R = 90 nm (left), R = 80 nm (middle), and R = 70 nm (right).
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avoided crossing areas, etc. Moreover, the current mode lies
in the terahertz regime, which is unreachable with ordinary
plasmonic materials while, at the same time, allowing for
easier tuning of the resonance frequency with TINP size.

Finally, a point of further investigation is the fact that
the metallic surface states of the TINP are, in fact, chiral.
This chirality can be taken into account in the framework
of axion electrodynamics in which case the polarizability of
Eqs. (2) and (3) becomes a magnetoelectric tensor [50,51].
The magnetoelectric coupling arises from the inclusion of the
so-called axion (θ ) term, which reflects the chirality of the
surfaces states of a TI (where θ = π ). As a future work, it is
worth investigating to what degree the phenomena reported
here are affected by the chiral nature of the TI surface states
given that magnetoelectric phenomena are, in general, second-
order corrections to the EM response of materials.

IV. CONCLUSIONS

In summary, we have theoretically investigated the inter-
action between a spherical topological insulator nanoparticle
and a single quantum emitter. Namely, we calculated the
light spectrum of a single TINP-QE dimer via a previously
developed method suitable to treat the interaction of light
with hybrid collections of QEs and NPs [26]. The TINP was

modeled via a radius-dependent correction in the ordinary
insulator nanoparticle dielectric function so as to take into
account the effect of the topologically protected surface states
on the optical properties of the TINP [25]. We found that,
under suitable conditions, the surface topological particle
polariton of the former can couple strongly with the reso-
nance state of the QE, giving rise to a previously unreported
mode. Furthermore, the wavelength shift of this mode can be
controlled simply via tuning the TINP size, circumventing
the need to alter the surrounding dielectric material as is
the norm in hybrid systems of metallic nanoparticles and
quantum emitters. Investigating the conditions under which
TINP-QE systems enter the strong-coupling regime should
prove useful in applications to lasers, waveguides, and sensors
in the terahertz range [52,53]. The case examined in the
present work is the simplest one, i.e., that of a single dimer,
in order to provide a first glimpse of the underlying physics of
such hybrid structures before moving on to (in general, more
complex) arrays of many TINP-QEs via methods such as the
one presented in Ref. [26].
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