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Topologically protected strong photon-exciton coupling
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We propose that strong photon-exciton coupling performed by a plasmonic nanoantenna and a single emitter
can be protected in the well-designed topological photonic structure as an environment. Topological robustness
leads to a reduction of metal loss, which makes Rabi splitting much larger. The strong coupling regime gets more
stable in the topological systems because the sensitivity characterized by Rabi splitting can always remain small
compared to the sensitive nontopological systems. Moreover, we show that the Rabi splitting under topological
protection is immune to defects or impurities that can destroy strong coupling in nontopological systems. This
topologically protected strong coupling mechanism offers more improvement in the applications of on-chip
quantum integration, single quantum sources, and quantum information processing.
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I. INTRODUCTION

Cavity quantum electrodynamics (CQED) has been a
rapidly growing field because of the urgent requirement for
on-chip quantum information and scalable quantum network
[1–6]. By providing an ultrasmall optical mode volume to en-
hance light-matter interaction, plasmonic devices are suitable
platforms to reach strong coupling [7–9]. In contrast to cold
atom studies [10–12], the strong coupling can be achieved at
room temperature by constructing gap surface plasmon struc-
tures [13–15] or fabricating special emitters like J aggregates
[16,17], Rhodamine 6G molecules [18], and quantum dots
[19]. These quantum plasmonic devices promise an essen-
tial impact on the fundamental physics of surface plasmons
and open up a new way in the applications of single-photon
sources [20,21], quantum nodes [1,22], and quantum gates
[23,24]. In recent years, it has been noticed that Rabi split-
ting is quite sensitive to environmental permittivity leading
to the development of quantum plasmon sensing based on
strong coupling [25,26]. However, applications such as single-
photon sources, on-chip integration devices, and quantum
information processing require stable Rabi splitting, which the
embedding environment only affects a little.

The concept of topology has been widely used in micro and
nanophotonics [27–30]. Topological optical states, including
edge states [31,32], interface states [33,34], corner states
[35,36], and bound states in the continuum (BIC) [37,38] are
described by topological invariants in the reciprocal space.
Various nanophotonic designs are proposed to realize and
utilize the topological features, such as Su-Schrieffer-Heeger
(SSH) models [39–41], honeycomb photonic crystals [31,32],
coupled-resonator optical waveguides (CROW) [42,43], and
BIC photonic crystal slabs [44,45]. These structures exhibit
immunity to a broad class of impurities and defects, i.e., topo-
logical protection or robustness, which is utilized to fabricate
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plenty of nanophotonic structures, like topological sources
of quantum light [46], topological lasers [47], and topolog-
ical waveguides [48]. Recently, topological protection has
been introduced into the Purcell enhancement under topolog-
ical protection to overcome the scattering and absorption in
nano-CQED systems [49]. However, the photonic research of
strong-coupling-combined topological features has yet to be
achieved. Since topological structures can efficiently protect
some quantum states and effects [46,50,51], revealing the be-
havior of strong photon-exciton coupling is meaningful under
topological protection.

In this paper, we find that topological structures can protect
strong coupling regimes by carefully designing a resonant
nanoantenna embedded in a one-dimensional (1D) topological
photonic structure [Fig. 1(a)]. The topological structure is
much larger than the strong coupling system consisting of
a silver nanoantenna and a single emitter, which means it
can be treated as a dielectric environment. The topological
environment reduces cavity loss from metal nanoantenna, so
the Rabi splitting in topological structures is more significant
than in nontopological structures. Rabi splitting can be im-
mune to the perturbation of environmental permittivity under
topological protection, even if the changes are large enough
to destroy the strong coupling regime in the nontopological
systems. Thus, topological photonic structures can efficiently
protect the strong coupling regime and significantly reduce
the difficulty of reaching strong coupling. Our work applies
topological protection to the strong coupling regime of the
CQED system in which more tunable parameters are involved
than the weak coupling regime [49], which is of great help for
the applications of on-chip integrated quantum devices, single
photon sources, and quantum information processing.

II. MODULE SETUP OF STRONG COUPLING UNDER
TOPOLOGICAL PROTECTION

To investigate the strong coupling under topological pro-
tection, we set up a 1D topological photonic crystal (PC)
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FIG. 1. (a) Schematic diagram of the 1D topological structure composed of a 1D topological PC with the left and right semi-infinite PCs, a
resonant silver nanoantenna, and a single emitter. (b) Schematic diagram of the nontopological strong coupling system consisting of the same
nanoantenna and emitter as (a). The band-gap structures of (c) left and (d) right semi-infinite PC with Zak phases marked in orange numbers
and topological numbers marked in blue (<0) or pink (>0) strip. (e) The transmission spectrum of 1D topological PC showing the edge state
at λ = 722.4 nm. Layers A and B parameters are εa = 4, da = 120 nm, and εb = 1, db = 100 nm, respectively.

containing a resonant plasmonic nanoantenna and a sin-
gle emitter [Fig. 1(a)]. The control group module is also
constructed through the same structure of nanoantenna and
emitter in the nontopological structure consisting of two semi-
infinite spaces [Fig. 1(b)]. The nanoantenna is comprised of
two silver nanorods, and the single emitter is at the center of
the gap between nanorods. The nanogap structure can work
as an open nanocavity [49,52,53]. In the nanogap plasmonic
structures, ultrasmall spatial volume and gap surface plasmon
result in ultrasmall optical mode volume, which enhances
strong photon-exciton coupling [54–56]. Thus, the entire sys-
tem reaches the strong coupling regime.

A 1D topological PC surrounding the strong coupling sys-
tems comprises two semi-infinite PC with layers A and B. The
edge state of the topological structure originates from the Zak
phase and topological numbers of energy band-gap structure
[Figs. 1(c) to 1(e)], depending on the permittivity and size of
dielectric layers [33,34]. Plenty of works studied the topolog-
ical protection given by the edge state [27–30,47,57–60]. It
also has been proven that this kind of edge state is robust to
small plasmon nanoparticles and the perturbation of unit cells
[49], allowing nanoantenna embedded in the topological PC
without influence on the edge state. Thus in our module, the
1D topological PC provides the outer stable dielectric envi-
ronment for strong coupling systems, so the strong coupling
under topological protection can be explored.

The interaction between the quantized field and quantum
emitter in the field of CQED is usually described as
a Jaynes-Cummings model with a single-mode cavity
and a two-level emitter [61,62]. Under the dipole and
rotating wave approximations, the Hamiltonian and

master equation [10,12,63,64] of CQED systems can
be written as H = h̄ωaσ

†σ + h̄ωca†a + h̄g(σ †a + σa†)
and ρ̇ = −(i/h̄)[H, ρ] − (γ /2)(σ †σρ − σρσ † + H.c.) −
(κ/2)(a†aρ − aρa† + H.c.), where ωa and ωc are the
frequencies of the emitter and resonant nanocavity,
respectively, σ † (σ ) is the rising (lowering) operator of
the emitter, and a† (a) is the rising (lowering) operator of the
nanocavity. The most important parameters of CQED systems
are g, κ , and γ . g denotes the coupling coefficient between
the emitter and cavity mode, which can be obtained [55,65]
as g = �E · �μ/h̄, where �E is the electric field corresponding
to a single excitation of the nanocavity and �μ is the dipole
moment of the emitter. κ describes the dissipative channel
from the nanocavity to the thermal reservoir via Ohmic loss,
which can be obtained by the full width at half maximum
(FWHM) of the absorption spectrum of the nanocavity. γ

describes the dissipative channel from the emitter to modes
other than the nanocavity mode. Note that, in this work, the
nanocavity modes are provided by silver nanoantenna, not the
photonic crystal. Considering a strong coupling system under
topological protection, the topology will reduce the cavity
loss, i.e., κ , which will be explained later.

To compute the parameters of strong coupling systems
in the topological structure, three-dimensional (3D) finite-
element simulations are performed using commercial COMSOL

MULTIPHYSICS software, which can simulate optical modes,
photon propagation, and photon-emitter coupling for vari-
ous photonic structures [25,49,55,66,67]. After obtaining the
parameters g, κ, γ combining with frequencies ωa and ωc,
one can figure out the fluorescence spectra and dynamical
evolution via the PYTHON TOOLBOX QUTIP [68] based on
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the Hamiltonian and master equation. The fluorescence spec-
trum can be written as S(�r, ω) = Re[

∫
dτ 〈E−(�r, t )E+(�r, t +

τ )〉 exp (iωt )]/π , which is the Fourier-transformed electric
field operator 〈E−(�r, t )E+(�r, t + τ )〉 ∝ 〈σ †(t )σ (t + τ )〉. The
Rabi splitting energy ER is the difference between two peaks
in the fluorescence spectra. The Zak phase and topological
number of the outer 1D topological PC can be calculated
through the band-gap structure, which was clarified in the
previous works [33,49].

As shown in Fig. 1(a), the 1D topological PC is made
up of two kinds of layers A and B with the thickness of
da = 120 nm and db = 100 nm, and the permittivity of εa = 4
and εb = 1, respectively. According to the band-gap structure
[Figs. 1(c) and 1(d)], the different Zak phase distributions
bring the opposite topological numbers in both sides of the PC
at the first gap, implying the existence of the edge state, which
is determined at λ = 722.4 nm by the transmission spectrum
[Fig. 1(e)]. To simulate the infinite 1D topological PC, as
shown in Fig. 1(a), the boundaries parallel to the yz plane are
under the scattered boundary condition, while the boundaries
parallel to the x axis are under the periodic condition so that
the influence of the size limit of side length L in the yz plane
can be neglected. It was proved that L = 2500 nm and five
periods for both semi-infinite PC sizes are enough to act as
a 1D infinite PC in the propagation direction of the x axis
[49]. The inside silver nanoantenna is placed parallel to the
interface of two semi-infinite PCs and divided into two equal
parts, with the resonant wavelength at 722.4 nm and the gap
distance d = 5 nm. The two nanorods’ radius r can range
from 3 to 10 nm, and the resonance length follows the radius
to keep the resonant wavelength of the entire nanoantenna
unchanged. The dielectric constant of silver is taken from
the experimental data [69]. A point source with a y-polarized
dipole is placed in the middle of the gap structure as the single
emitter. The electric current dipole moment is p = 10−12 Am
and the dipole moment μ = 0.2 enm.

As shown in Fig. 1(b), the control group module uses two
semi-infinite free spaces with εa = 4 and εb = 1 instead of the
topological structure to perform the nontopological environ-
ment. The entire space volume and boundary conditions of the
nontopological case are the same as those of the topological
case. The silver nanoantenna is placed parallel to the interface
of two semi-infinite spaces and divided into two equal parts
with the same resonant wavelength, gap distance, and size as
that of the topological case. Therefore, we can compare strong
coupling behavior with or without topological structure.

III. INFLUENCE OF TOPOLOGY ON RABI SPLITTING
WITH DIFFERENT SIZES OF CAVITIES

The parameters of strong coupling with and without topo-
logical structure are given in Fig. 2(a). With the nanoantenna’s
size increment, the coupling coefficient g decreases slowly
while the cavity loss κ rises. The spontaneous emission rate
γ ranges from 2 to 4 meV, which is relatively weak com-
pared with g and κ . Rabi splitting [12,25,63] can be described
as ER =

√
4g2 − (κ − γ )2/4, therefore, Rabi splitting mainly

depends on g and κ changing by the size of the nanoantenna.
When g rises and κ reduces with a smaller nanoantenna size,
Rabi splitting energy ER gets larger. Thus the Rabi splitting

energy ER grows with the smaller nanoantenna size because
of the stronger light confinement [Figs. 2(b) and 2(c)].

The overlap between the topological state and localized
surface plasmon determines how much topological states
reduce the metal loss of the nanocavity. If the near-field over-
lapping is sufficiently strong, like the case shown in Fig. 1(a),
it can cause topological states to reshape the field distribution
of the surface plasmon and lower its localization, meaning
reduced metal loss [49], so κtopo in the topological struc-
ture is smaller than κnotopo of the nontopological structure
[Fig. 2(a)], where the subscripts “topo” and “notopo” repre-
sent the topological and nontopological cases, respectively.
Meanwhile, topology cannot interfere with the energy ex-
change between the emitter and nanocavity, so gtopo and
gnotopo are almost the same shown in Fig. 2(a). Similarly, the
topology cannot affect the spontaneous emission directly, so
γtopo and γnotopo are also nearly the same [Fig. 2(a)]. There-
fore, it is worth stressing that the topological PC can enhance
the Rabi splitting energy ER rather than a nontopological
dielectric environment due to less cavity loss. According to
Figs. 2(b) and 2(c), the fluorescence spectra in the topological
structure have similar changing trends with those in non-
topological construction, but the patterns of the topological
case are more expanded. For example, when the nanoan-
tenna has the parameters of r = 6.5 nm, a = 21.45 nm, and
d = 5 nm, Rabi splitting ER is 27.02 meV for the topological
structure and 21.18 meV for the nontopological environment
[Fig. 2(d)], which makes it clear to find that the ER in the
topological structure is larger than that in the nontopological
environment. To observe the enhancement of Rabi splitting
more clearly, we give the comparison of Rabi splitting energy
between topological and nontopological cases, i.e., ER

topo
and ER

notopo, shown in the orange and dark yellow lines of
Fig. 2(a), respectively. When the nanoantenna is very small
such as r = 3 nm, ER

topo and ER
notopo seems the same, while

the Rabi splitting difference ER
topo − ER

notopo grows rapidly
with the increment of the nanoantenna’s size.

In particular, the topology mechanism not only enhances
the Rabi splitting, but also protects the strong coupling regime
from being destroyed by the large cavity size. In our module,
as shown in Figs. 2(a), 2(c) and 2(e), when the nanoantenna’s
radius is r � 8 nm, the Rabi splitting disappears in the non-
topological structure, which means too large a nanoantenna
breaks the condition of strong coupling because κnotopo
grows much larger than gnotopo [Fig. 2(a)]. Meanwhile, as
shown in Figs. 2(a), 2(b) and 2(d), Rabi splitting remains in
the topological case due to the smaller κtopo [Fig. 2(a)], thus
strong coupling still exists. Therefore, topological robustness
reduces the metal loss of the nanocavity, which enhances the
Rabi splitting and protects the strong coupling regime from
being destroyed by the large cavity size.

IV. TOPOLOGICALLY PROTECTED STRONG COUPLING
AGAINST DEFECTS AND IMPURITIES

In general, strong coupling systems are susceptible to the
variation of environmental permittivity in the nontopologi-
cal environment [25,26]. When considering the surrounding
topological dielectric environment, the behavior of nanoscale
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FIG. 2. The behavior of strong coupling systems with and without topological structure. (a) Coefficients g, κ , γ and Rabi splitting energy
ER with and without topological structure, as a function of nanoantenna’s radius r. Rabi splitting for different sizes of nanoantenna (b) with or
(c) without topological protection, as a function of probe detuning �p = ωp − ωc. Rabi splitting with and without topological structure with
the parameters of nanoantenna (d) r = 6.5 nm, a = 21.45 nm, d = 5 nm, and (e) r = 10 nm, a = 27.945 nm, d = 5 nm, as a function of �p.

strong coupling systems is quite different. The gap surface
plasmon of the silver nanoantenna can be seen as a defect
mode within a 1D topological PC with no influence on the
edge state [49]. Still, it can also be topologically protected,
and a similar topological protection of the photonic midgap
defect modes was proved recently [70]. When the outside
dielectric changes, strong coupling systems lose their sen-
sitivity and become immune to the defects and impurities
of the environment. Here we design several situations of
defects and impurities based on environmental changes to
perform the characteristic of topological protection of strong
coupling.

We use the definition of sensitivity based on Rabi splitting
ER to quantify the influence of strong coupling by the environ-
ment [25], which is S = |�ER|/|�ε|. Larger S means more
sensitivity to environmental permittivity. In the following ex-
ploration, we choose layer A as the perturbation and set the
initial permittivity εa = 4. Then we replace the permittivity
εa to ε′

a ranging from 3.95 to 4.05, corresponding to the slight
change ±1.25% of the initial environmental permittivity. Thus
the dielectric constant changing degree �ε = ε′

a − εa and the
Rabi splitting difference �ER = ER(ε′

a) − ER(εa). Rabi split-
ting energy and the sensitivity within and without topological
structure are given as ER

topo, Stopo and ER
notopo, Snotopo,
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respectively. The size of the silver nanoantenna is fixed with
r = 6.5 nm, a = 21.45 nm, and d = 5 nm.

Above all, a tiny small-bulk defect is taken into consid-
eration. As shown in Fig. 3(a), the permittivity’s changing
only appears in the selected pink-marked cuboid area with
63 × 63 × 157 nm3 semi-surrounding the nanoantenna within
the half layer A. The same small-bulk dielectric is also
set up in the nontopological module. The comparison of
Rabi splitting energy ER and sensitivity S between topo-
logical and nontopological systems is given in Fig. 3(c).
For the small-bulk defect, the topological Rabi splitting en-
ergy ER

topo is larger than nontopological ER
notopo due to

the inhibition of the cavity loss caused by topological pro-
tection. In comparison, the topological sensitivity Stopo is
smaller than the nontopological sensitivity Snotopo, showing
the stability of the strong coupling regime in the topo-
logical structure. When ε′

a � 4.04, ER
notopo drops down to

0, and Snotopo jumps up to 423–529 meV because of the
destruction of the strong coupling regime. Meanwhile, the
topological structure still provides small Stopo and stable
ER

topo. It shows that, even if the defect is strong enough to
break the strong coupling regime in nontopological situations,
the topological structures can still protect strong coupling
systems.

Then we consider the situation of a single-layer defect, as
shown in Fig. 3(b) that only the middle half layer A semi-
surrounding the nanoantenna gets involved in the change of
permittivity ε′

a, which is pink-marked. The same dielectric is
set up in the nontopological module. The Rabi splitting and
sensitivity results are shown in Fig. 3(d), similar to small-bulk
defects. ER

topo is larger than ER
notopo because of less cavity

loss, and Stopo is smaller than Snotopo, leading to the robust-
ness of strong coupling with topology. Moreover, when ε′

a �
4.045, the nontopological system cannot remain the strong
coupling and ER

notopo is down to 0 with Snotopo > 400 meV.
However, the topological structure still protects the strong
coupling. Rabi splitting ER

topo changes very little compared
to that of the initial permittivity εa = 4, and sensitivity Stopo
is also tiny, showing that strong coupling is immune to defects
under topological protection.

We also consider the impurities that the permittivity of all
layers A fluctuates around 4, i.e., all layers A with εa = ε′

a.
In the control group of nontopological structures, we also
set εa = ε′

a. Figures 3(e) and 3(f) give ER and S for the
nanoantenna with r = 6.5 nm, a = 21.45 nm, d = 5 nm, and
r = 7 nm, a = 22.58 nm, d = 5 nm, respectively, as the func-
tion of εa. It is easy to find that ER

topo is always larger than

ER
notopo because of smaller κ . Though there is no significant

difference between Stopo and Snotopo among the neigh-
borhood of εa = 4 in the strong coupling regime, Snotopo
quickly jumps to the magnitude of 102 meV due to the break
of strong coupling when εa is away from 4 and ER

notopo
is down to 0. However, ER

topo is always stable and Stopo
keeps a small value, meaning that topology protects strong
coupling from impurities. Also, by comparing the results of
nanoantenna with r = 6.5 nm and r = 7 nm, one can find that
the topological protection is more evident in larger cavities be-

cause it is more challenging to keep the strong coupling from
impurities.

The defects and impurities we discuss above belong to the
deviation-kind disorder caused by the deviation of materials
in the fabrication. However, another kind of disorder, the
random-kind disorder, should also be considered, conform-
ing to the practical reality, caused by the natural fluctuations
of materials. Here we set εa as the random permittivity of
all layers A by Gaussian distribution with (μGauss, σ

2
Gauss) =

(4, 5%). By comparing N = 15 groups of random permittivity
εa, we give the Rabi splitting ER shown in Fig. 3(g). It is easy
to find that all values of Rabi splitting with random permittiv-
ity are stable, with the average value ER

ave = 27.82 meV and
coefficient of variation cv = 3.32%. Therefore, we show that
strong coupling is also immune to the random-kind disorder
under topological protection.

It is worth stressing that the detuning � = ωc − ωa

between the emitter and resonant nanoantenna should be
considered for Rabi splitting ER because varying εa or
ε′

a affects the resonant cavity mode. Here we take the
example of nanoantenna with r = 6.5 nm, a = 21.45 nm,
and d = 5 nm. For the small-bulk defect, the detuning
�topo of the topological system is −0.25–0.25 meV with
ε′

a = 3.95–4.05, which is much smaller than �notopo =
−7.61–7.36 meV. Similar results appear for the single-
layer defect that �topo = −3.81–3.56 meV is smaller than
�notopo = −7.61–7.61 meV. Thus topological protection
also suppresses detuning for defects. However, for impurities,
topology seems to lose the ability to reduce detuning, such that
�topo = −8.97–9.10 meV is a little larger than �notopo =
−8.06–7.86 meV.

Overall, by combining the changes in Rabi splitting with
and without topological protection under the defects and im-
purities, one can find that the Rabi splitting under topological
protection is always larger and more stable than that of non-
topological systems. The change of strong coupling caused
by external environmental perturbations under topological
protection is less than that of the nontopological situation;
even if this environmental change destroys the nontopological
strong coupling regime, the strong coupling under topological
protection can still be maintained. Therefore, it can be proved
that the topological optical states can effectively protect the
strong coupling against the influence of environmental defects
and impurities.

V. DISCUSSION ON THE ROLE
OF TOPOLOGICAL PROTECTION

One may doubt that the protection of strong coupling is due
to the presence of the photonic band-gap structure rather than
topological properties. Here we show that the nontopologi-
cal defect photonic structures as environment cannot protect
strong coupling. A nontopological photonic structure with
defect mode is constructed, consisting of layers A and B
with ten periods, shown in Figs. 4(a) and 4(b). The middle
layer A′ changes its thickness to d ′

a = 218.81 nm to obtain
the defect mode at λ = 722.4 nm in the photonic band gap,
while the other parameters are the same as in the topological
case. The nanoantenna is placed parallel to the interface
between the middle layer B and the defect layer A′, and
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FIG. 3. The behavior of strong coupling systems disturbed by different defects or impurities with and without topological structure.
Schematic diagrams of (a) small-bulk defects and (b) single-layer defects for topological and nontopological systems. The defects are marked
by pink areas with varying permittivity ε′

a while other dielectric layers keep εa = 4 and εb = 1. The comparison of Rabi splitting energy
ER and sensitivity S between topological and nontopological systems for (c) small-bulk defects, (d) single-layer defects, (e) impurities with
nanoantenna r = 6.5 nm, a = 21.45 nm, d = 5 nm, and (f) impurities with nanoantenna r = 7 nm, a = 22.58 nm, d = 5 nm. (g) Rabi splitting
protected by topological structure against Gaussian-distribution random permittivity εa with (μGauss, σ

2
Gauss ) = (4, 5%).
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FIG. 4. The comparison of Rabi splitting in topological and nontopological photonic crystal structures. (a) Schematic diagram of the 1D
nontopological photonic structure wrapping a resonant silver nanoantenna and a single emitter, with a defect layer A′ bringing the defect guide
mode at 722.4 nm. (b) The band-gap structure of 1D trivial PC with defect mode. Rabi splitting with topological and nontopological photonic
crystal structures with the parameters of nanoantenna (c) r = 6.5 nm, a = 21.45 nm, d = 5 nm, and (d) r = 10 nm, a = 27.945 nm, d = 5 nm,
as a function of �p. The defect layer A′ changes its thickness from da to d ′

a = 218.81 nm. (e) The band-gap structure of 1D trivial PC without
any guide mode.

divided into two equal parts. Here we take the nanoantenna
with r = 6.5 nm, a = 24.5 nm, and d = 5 nm as an example.
Note that the discussed cavity mode is still provided by the
silver nanoantenna. The nanocavity loss κ = 41.55 meV of
the defect nontopological case is much larger than that of
the topological PC case [Fig. 2(a)], and even larger than
that of the non-PC case [Fig. 2(a)], which should be caused
by its localized defect mode. The spontaneous emission rate
γ = 1.80 meV of the defect nontopological case gets slightly
smaller than those of the non-PC and topological PC cases
[Fig. 2(a)]. The coupling coefficient g = 16.48 meV of the
defect nontopological case is almost identical to non-PC
and topological PC cases [Fig. 2(a)]. Based on these pa-
rameters, as shown in Fig. 4(c), the Rabi splitting of the
defect nontopological case is ER = 14.88 meV, smaller than
ER

topo = 27.02 meV of the topological PC. Moreover, when
the nanoantenna gets larger, like r = 10 nm, a = 27.945 nm,
and d = 5 nm, the Rabi splitting of the defect nontopological
case is down to 0 meV [Fig. 4(d)], while the Rabi splitting
under topological protection remains. Thus the nontopologi-
cal defect photonic structures as environment cannot protect
strong coupling.

The photonic crystal structure environment without any
guide mode in the working band gap is also considered
[Fig. 4(e)], which is designed as da = db = 120 nm, na = 2,
and nb = 1. When the nanoantenna is with r = 6.5 nm, a =
21.45 nm, and d = 5 nm, the parameters of the CQED sys-
tem are κ = 37.82 meV, γ = 3.32 meV, and g = 16.48 meV,
leading to Rabi splitting ER = 19.14 meV, which is close to
ER

notopo = 21.18 meV of the non-PC case, and smaller than

ER
topo = 27.02 meV of the topological case [Fig. 2(d)]. It is

noted that κ = 37.82 meV of the trivial PC case is close to
κ = 35.25 meV of the non-PC case, which means the band-
gap structure of the trivial PC cannot directly affect the cavity
loss in our systems. Therefore, the strong photon-exciton
coupling regime is protected due to topology, not the optical
cavity or photonic band-gap structure.

Finally, we briefly address the possibility of the exper-
imental realization of our proposal. The nanoantennas can
be fabricated by state-of-the-art nanotechnology [13,52,71],
and the construction of topological photonic crystals has also
been well established [30]. For example, the 1D grating het-
erostructures are practical for generating the edge state of
the 1D topological PC structure [60]. The quantum emitter
is considered an essential part of a strong coupling sys-
tem. Several emitters can be unitized for experiments, such
as classical atoms [72–74], Rydberg atoms [75], quantum
dots [13,76,77], and molecular aggregates [16,17,78], pro-
viding dipole moment μ with a wide range from 0.07 to
40 enm, which is enough for strong coupling. The enor-
mous challenge is integrating all these elements above into
a high-precision nanostructure. In the past, metal nanopar-
ticles have been placed to create nanoscale gap structures,
which benefited strong coupling research [14,79,80]. One
can apply similar nanotechnology in more complex hybrid
structures such as topologically protected plasmonic strong
coupling systems. Therefore, according to all the technologies
above, it is possible to realize our proposal of topologi-
cally protected strong coupling systems experimentally in the
future.
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VI. CONCLUSION

In conclusion, we explored that the strong photon-exciton
coupling caused by a silver nanoantenna and a single emitter
can be protected in the 1D topological photonic structure
environment. The response of strong coupling under topo-
logical protection differs from the nontopological situation.
Topology protection results in an evident reduction in metal
cavity losses, bringing greater Rabi splitting. As a type of
quantum effect, the strong coupling regime can be effectively
protected by topology, thereby making it immune to defects
or impurities, even if this environmental change is enough to
destroy the strong coupling regime in the absence of topology.
Our results show that topological protection can reduce the

threshold of achieving strong coupling and keep the strong
coupling regime more stable, which is of great help for on-
chip-integrated quantum devices, single-photon sources, and
quantum information processing.
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