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Topological single-photon emission from quantum
emitter chains
Yubin Wang 1,2,6, Huawen Xu3,6, Xinyi Deng2, Timothy C. H. Liew 3, Sanjib Ghosh 2✉ and Qihua Xiong 1,2,4,5✉

We propose a scheme for generating highly indistinguishable single photons from an active quantum Su-Schrieffer-Heeger chain
composed of a collection of noisy quantum emitters. Strikingly, the single photon emission spectrum of the active quantum chain is
exceedingly narrow relative to that of a single emitter or a topologically trivial chain. Furthermore, this effect is amplified
dramatically in proximity to the non-trivial-to-trivial phase transition point. Exploiting this effect, we demonstrate that the single-
photon linewidth of a long topological quantum chain can be arbitrarily reduced, rendering it an ideal source of indistinguishable
single photons. Finally, by analyzing the most critical parameters concerning experimental realization and providing a microscopic
and quantitative analysis of our model, we take concrete examples of actual quantum emitters to establish the viability of our
proposal.
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INTRODUCTION
Single-photon sources with high purity, indistinguishability, and
efficiency are critical components in the rapidly advancing field of
quantum technologies1. While various methods have been
explored, one of the most important approaches to generating
single photons is through quantum emitters: two-level quantum
systems with the ability to emit one photon at a time. In contrast
to stochastic nonlinear processes such as atomic cascade2,
parametric down-conversion3, and four-wave mixing4, quantum
emitters provide a deterministic and scalable source of single
photons. Many promising systems have been identified for
realizing ideal single-photon emitters, including single atoms5,
single ions6, single molecules7, color centers8, and semiconductor
quantum dots (QDs)9. Intriguingly, microscopic defects10–14 and
moiré-trapped excitons15,16 in two-dimensional materials and
perovskite colloidal QDs17–20 have also been demonstrated to
emit single photons. Of particular note, several of these systems
exhibit on-demand single-photon emission with high efficiency,
scalability, and compatibility with on-chip integration21. As such,
they hold significant promise for developing practical applications
in quantum communication, sensing, and computing.
Despite the significant potential of semiconductor QDs as

quantum emitters, their large spectral linewidth due to the pure
dephasing processes, compared with the nonlinear processes and
the natural broadening of the emitter itself, poses a major
challenge, which can severely diminish the single-photon indis-
tinguishability22,23. The broadening of the linewidth is typically
caused by random energy fluctuations resulting from spectral
diffusion24–26 as well as phonon scattering23,27–29. Spectral
diffusion occurs due to the time-fluctuating quantum confined
Stark effect resulting from the interaction between the QDs and
charged defects in the electrostatic environment30,31. This
interaction significantly reduces the indistinguishability of the
single-photon emission. Although spectral diffusion can be
partially suppressed by applying sequences of optical pulses32,

strong illumination33, exploiting the Purcell effect induced by a
photonic cavity34, or a Fano cavity-photon interface35, all of these
methods require external controls, which can constrain scalability
and have limited efficiency in suppressing spectral diffusion.
Phonon scattering, which results from exciton-acoustic phonon
coupling, accounts for the homogeneous broadening of single-
photon emission and is greatly affected by the temperature36,37.
This effect becomes increasingly pronounced at higher tempera-
tures38,39, which poses a significant obstacle for single-photon
emission at room temperature. Some works are also trying to
reduce the influence of the phonon interaction40.
In photonic systems, introducing non-trivial topology is an

intriguing approach to achieving intrinsic robustness41,42. How-
ever, most of the existing topological systems operate in the
classical or semi-classical regime43, where the quantum nature of
photons is not a significant factor. For instance, topological
insulators have been used for robust lasing in edge modes that
extend over multiple lattice sites along the boundaries of the
system44–46. The robustness in lasing comes from the global
topology of the edge modes, which enables them to bypass local
defects and deformations through nearby alternative paths,
thereby maintaining the global topology. However, such methods
are not suitable for the zero-dimensional geometry of quantum
emitters like QDs. Although strong optical nonlinearity can be
utilized for single-photon generation, it is typically local in nature,
and thus, extended edge states of topological insulators would be
incompatible47,48. Furthermore, topological structures are usually
used as passive platforms for quantum information transporta-
tion49–52. However, active quantum systems like single-photon
emitters must also be robust to realize an infallible quantum
platform ultimately. This study explores the possibility of using the
Su-Schrieffer-Heeger (SSH) topology in active quantum systems to
generate robust single photons. Since the emission must be
localized at a single site and not from an entire edge state, it is
counter-intuitive to expect topological robustness. Nonetheless,
we discovered that the single-photon emission exhibits dramatic

1State Key Laboratory of Low-Dimensional Quantum Physics and Department of Physics, Tsinghua University, Beijing 100084, P. R. China. 2Beijing Academy of Quantum
Information Sciences, Beijing 100193, P. R. China. 3Division of Physics and Applied Physics, School of Physical and Mathematical Sciences, Nanyang Technological
University, Singapore 637371, Singapore. 4Frontier Science Center for Quantum Information, Beijing 100084, P. R. China. 5Collaborative Innovation Center of Quantum
Matter, Beijing 100084, P. R. China. 6These authors contributed equally: Yubin Wang, Huawen Xu. ✉email: sanjibghosh@baqis.ac.cn; qihua_xiong@tsinghua.edu.cn

www.nature.com/npjqi

Published in partnership with The University of New South Wales

1
2
3
4
5
6
7
8
9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s41534-024-00807-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41534-024-00807-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41534-024-00807-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41534-024-00807-y&domain=pdf
http://orcid.org/0000-0003-4454-7190
http://orcid.org/0000-0003-4454-7190
http://orcid.org/0000-0003-4454-7190
http://orcid.org/0000-0003-4454-7190
http://orcid.org/0000-0003-4454-7190
http://orcid.org/0000-0003-2568-7294
http://orcid.org/0000-0003-2568-7294
http://orcid.org/0000-0003-2568-7294
http://orcid.org/0000-0003-2568-7294
http://orcid.org/0000-0003-2568-7294
http://orcid.org/0000-0002-5014-9466
http://orcid.org/0000-0002-5014-9466
http://orcid.org/0000-0002-5014-9466
http://orcid.org/0000-0002-5014-9466
http://orcid.org/0000-0002-5014-9466
http://orcid.org/0000-0002-2555-4363
http://orcid.org/0000-0002-2555-4363
http://orcid.org/0000-0002-2555-4363
http://orcid.org/0000-0002-2555-4363
http://orcid.org/0000-0002-2555-4363
https://doi.org/10.1038/s41534-024-00807-y
mailto:sanjibghosh@baqis.ac.cn
mailto:qihua_xiong@tsinghua.edu.cn
www.nature.com/npjqi


robustness to noise near the topological non-trivial-to-trivial phase
transition point where the spectrum becomes arbitrarily narrow
for large system sizes. This provides highly indistinguishable single
photons even in a strongly noisy environment. We present the
microscopic mechanism and explore physical systems for experi-
mental realization.

RESULTS
The model
A collection of N quantum emitters (represented by QDs),
organized in an SSH chain53–55, constitutes an active quantum
system that can be described by a Hamiltonian H (see
Supplementary Note 3 for details):

H ¼
X
j

εj tð Þσþj σ�
j þ

X
j

Jjðσþ
j σ

�
jþ1 þ σþ

jþ1σ
�
j Þ; (1)

where σþj (σ�j ) is the creation (annihilation) operator associated
with the QD emitter at the site j. The Hamiltonian is written in an
interacting frame of reference, where the central energy is shifted
to zero. Our idea is to excite the entire chain and collect the
emission from the edge QD. Here, the QD is defined as a two-level
quantum system that can emit one photon at a time. The chain
consists of N/2 unit cells, each containing two sites. The hopping
amplitude Jj= J for odd j (intra-cell) and Jj= J′ for even j (inter-
cell). The onsite energy εj (t) represents microscopic energy
fluctuations: εj tð Þ ¼ ϵδεj tð Þ, where δεj tð Þ is a Gaussian random
variable and ϵ is the noise strength. The noise could originate from
spectral diffusion and phonon scattering. In the ideal condition,
the SSH chain with the onsite energy εj tð Þ ¼ 0 (or a constant
value) has a winding number:

W ¼ 1
2πi

Z π

�π

dk
d
dk

log h kð Þ½ �; (2)

where h kð Þ ¼ J þ J0eik . We parameterize J ¼ J0sin2θ and
J0 ¼ J0cos2θ, where J0 is a constant and θ is an angular parameter
ranging in 0; π=2½ �. For θ< π=4, the chain has a non-trivial
topology with a winding number W= 1. Our idea is to obtain
single photons from the topological edge states (see Fig. 1), which
are energetically located inside a band gap.

Here, we focus on the spontaneous emission spectrum, which is
related to the time-dependent many-body correlation function:

Cj t; t
0ð Þ ¼ σþj tð Þσ�j t0ð Þ

D E
; (3)

where hOi indicates the expectation value of an operator O. Our
objective is to determine the emission characteristics of the
system with non-trivial topology. To achieve this, we assume that
the system is initially in an excited state at time t= 0, and we use
an ideal detector to capture emissions from an edge site. The
detector records photons for an indefinite duration. The
corresponding single-photon spectrum is given by56

SjðωÞ ¼
R1
0 dt

R1
0 dt0Cjðt; t0Þe�iωðt�t0Þ

2π
R1
0 dtCjðt; tÞ

: (4)

As an example, the spectral profile of an ideal emitter
possessing a long lifetime is described by δð_ω� εÞ, where the
emitted photons are indistinguishable with a fixed energy _ω ¼ ε.
It is worth mentioning that the lifetime of a quantum emitter
typically ranges in the order of nanoseconds, resulting in a
negligibly narrower linewidth compared to the actual linewidth;
see Supplementary Discussion and Supplementary Table 1 for
further details.

Emission spectra
The spectral profile of an isolated emitter can be determined
through the use of the retarded Green’s function:
S1 ωð Þ ¼ �Im GR ωð Þ� �

. In the case of an ideal emitter, the Green’s
function can be expressed as GR ωð Þ ¼ limη!0 ω_þ iηð Þ�1 indicat-
ing a single energy emission at ω ¼ 0. In the presence of noise,
the system can be characterized by an averaged Green’s function:
G
R
ωð Þ ¼ limη!0 ω_þ iη� Σ½ ��1 where Σ is the self-energy of the

emitter57. As a result, the corresponding spontaneous emission
spectrum is given by

S1 ωð Þ ¼ 1
π

�ImΣ

_ωð Þ2 þ ImΣð Þ2 ; (5)

which follows a Lorentzian distribution featuring a linewidth (full
width at half maximum): �2ImΣ ¼ γQD þ γ0, where γQD and γ0 are
the linewidth contributions from the noise and recitative lifetime

Fig. 1 Three schemes of generating single photons: single QD, topologically trivial, and non-trivial chains of QDs. The emission spectrum
of the topologically non-trivial chain is much narrower than that of the trivial chain, which in turn is broader than that of a single QD. The inset

shows the eigenvalues of the SSH Hamiltonian as a function of the parameter θ ¼ arctan
ffiffiffiffiffiffiffiffi
J=J0

p� �
, where J and J' are the intra-cell and inter-

cell hopping amplitude. The topological non-trivial-to-trivial phase transition occurs at θ ¼ π=4.
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of the QD. Typically, spectral linewidth �2ImΣ � γ0 (see
Supplementary Table 1) implying γQD � γ0. The linewidth γQD is
determined by the noise correlation function:
δεj tð Þδεj t0ð Þ ¼ ϵ2e� t�t0ð Þ2= 2τ2ð Þ , where the overline represents the
noise average and τ is the correlation time. In the lowest order
Dyson series, Σ � � iϵ2τ

ffiffiffi
π

pð Þ= _
ffiffiffi
2

p� �
57. We note that while the

exact numerical value γQD ¼ 0.400meV (see Fig. 2), the analytical
values are 0.470 meV and 0.403 meV with the lowest order
approximation and a self-consistent method, respectively (see
Supplementary Note 1 and 2 for details). This non-zero linewidth
indicates the presence of spectral diffusion, whereby emitted
photons possess slightly varying energy with each emission.

Topological linewidth narrowing
We present in Fig. 2 the linewidth narrowing of single-photon
emission via coupling QDs in a topologically non-trivial SSH chain.

We consider that the system is initially excited to the topological
edge state, extending over many sites in the SSH chain. Since the
edge state is energetically separated from all the other states by
the topological band gap, the initial state can be excited by a
resonant pulse. Subsequently, the emission occurs at the edge site
(j=1) of the SSH chain, and we depict the emission spectrum for
various chain sizes. Notably, as the length of the chain N increases,
the linewidth (full width at half maximum) γSSH significantly
diminishes, as shown in Fig. 2a. This finding suggests that the
topological non-triviality profoundly impacts mitigating the
detrimental effects of noise on the edge QD. However, we
observe that this effect is feeble for J=J0 � 1 (θ � π=4) despite
being in the topological non-trivial regime. This can be traced
back to the weak coupling between the edge QD and the
remaining SSH chain for J � J0, rendering the edge QD nearly
isolated. It is only near the phase transition point θ ¼ π=4 where
J=J0 � 1 that the effect of the global topology becomes noticeable

Fig. 2 Topological linewidth narrowing. a The single-photon spectrum S1 ωð Þ for a topological SSH chain (θ ¼ π=4:2) of size N. The points
and lines are the data and corresponding Lorentzian fits, respectively. The inset shows the spectral linewidth γSSH as a function of N at
θ ¼ π=4:2. For an isolated QD (N= 1), we numerically find that the linewidth γQD � 0:4 meV. b The variation of γSSH (normalized by γQD) with θ
for N= 80 (blue squares) and 200 (red dots). The linewidth dramatically decreases near θ ¼ π=4. As the horizontal dotted lines indicate, the
value γSSH (θ ! π=4) becomes smaller for a larger N. The inset shows that γSSH (θ ! π=4) becomes systematically smaller with the increasing N.
c The ratio between γSSH and the band gap Δ as a function of the hopping amplitude J0. We consider ϵ ¼ 0:5 meV, τ ¼ 0:5 ps, θ ¼ π=4:2, and
J0 ¼ 30 meV when they are not used as variables. For simulation, we use a topological edge mode as the initial state and 10 noise realizations
for average.
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in the chain, as shown in Fig. 2b, where the linewidth γSSH displays
a significant decrease near θ ¼ π=4. Of particular importance, the
linewidth narrowing is further enhanced with increasing system
size N, and in fact, can even be made arbitrarily stronger for large
N and θ close to π=4 (see Fig. 2b). Nevertheless, the topological
robustness of the system is guaranteed only if the linewidth is
much smaller than the band gap Δ, i.e., γSSH=Δ is close to 0. Since
the band gap Δ is directly proportional to the hopping amplitude
J0, a large J0 is also necessary to achieve this regime, as
demonstrated in Fig. 2c. Asymptotically, the limit of an arbitrarily
small linewidth γSSH ! 0 while having a finite topological band
gap is reached with N → ∞, J0 →, and θ → π/4.
We note that the phenomenon of linewidth narrowing is absent

in a topologically trivial chain. In a trivial chain, QDs within the
lattice act as sources of additional noise for the single-photon
emission, which, in fact, leads to a broadening of the linewidth
(see Supplementary Note 6 and Supplementary Fig. 6). This is
primarily due to the lack of a topological energy band gap near
the emitting state.
In addition to time-fluctuating noise, static disorders may also

arise due to defects and imperfections in the system. First, each
individual QD may have a different emission energy, representing
static randomness in the energy. We observe that SSH chains
composed of such disordered QDs suppress spectral randomness.
Besides, while forming the SSH chain, the positions of the QDs

might not be precise. These imperfections would introduce
randomness in the hopping strengths J and J′. Despite the
presence of these disorders, the SSH topological chain still exhibits
a significant linewidth narrowing effect (see Supplementary Note
7 and Supplementary Fig. 8).

Statistical properties of the Hamiltonian
Statistical properties of the Hamiltonian allow us to understand
the topological linewidth narrowing. We examine the eigenvalue
distribution of the Hamiltonian with a randomly chosen noise
potential at an instant of time, which is given by the density of
states of an effective single-particle Hamiltonian matrix
Hjk ¼ εjδj;k � Jjδjþ1;k . Note that simulating a large number of
emitters is challenging due to the exponentially large Hilbert
space. Using the Jordan-Wigner transformation, the present
problem of the bosonic (photonic) emitters can be mathematically
converted to a free Fermionic problem (see Supplementary Note 5
for details), which is computationally tractable58. Figure 3a shows
the density of states Ds Eð Þ ¼ Tr δ H� Eð Þ½ � as a function of energy E
and θ. The existence of a finite density of states around E=0 and a
band gap for θ< π=4 evidence the topological non-triviality,
whereas the region θ> π=4 is topologically trivial. Interestingly, we
find that the density of states near the energy E=0 becomes
narrower as θ is close to π=4, suggesting that the energy
distribution of the edge states is highly constrained, which propels

Fig. 3 Statistical properties of the SSH Hamiltonian. a Color plot of the averaged density of states Ds Eð Þ ¼ Tr δ H� Eð Þ½ � for different θ.
b Eigenvalues associated with edge states as functions of θ for different noise realizations (edge states exist for θ< π=4). All eigenvalues
collapse towards E= 0 near θ ¼ π=4 due to dramatic suppression of fluctuations close to the phase transition point. This is the underlying
reason for topological linewidth narrowing. c–e Probability distributions of edge state eigenvalues for θ= 0, 0.2π, and 0.23π, respectively. We
find that the distribution becomes narrower as θ approaches π=4. Here we consider J0 ¼ 5 meV and ϵ ¼ 0:5 meV.
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the spectrum to be narrow. A more thorough examination of the
eigenvalues associated with the edge states of the Hamiltonian H,
as illustrated in Fig. 3b–e, unveils a significant reduction in
eigenvalue fluctuations near the transition point θ ¼ π=4. This
compelling evidence of topological robustness serves as the
driving force behind the linewidth narrowing observed in Fig. 2.

Quantum correlation properties
To confirm our system works at the single-photon level, we
simulate the Hanbury Brown and Twiss (HBT) effect59 and the
Hong-Ou-Mandel (HOM) effect60, which reflect the single-photon
purity and indistinguishability of the single-photon emission. To
excite the topological edge state at ω= 0, we consider a resonant
excitation scheme with the Hamiltonian:

HP ¼ Hþ PðtÞ
X
j

ðσþ
j þ σ�

j Þ; (6)

where P(t) represents the excitation applied to all QDs in the SSH
chain. The dynamics of the system can be described by the
quantum master equation:

i_ _ρ ¼ HP; ρ½ � þ iγ0
2

X
j

2σ�
j ρσ

þ
j � σþ

j σ
�
j ρ� ρσþ

j σ
�
j

� �
; (7)

where γ0 represents the decay rate of the QDs. Crucially, due to
the presence of excitation and the Lindblad term in Eq. (7),
utilizing the Jordan-Wigner transformation does not confer any
advantages. Therefore, our calculations are confined to a relatively
small number of QD (up to 12) in the chain. Nevertheless, even
within this constrained number of QD, we observe topological
robustness in the single photon properties.
First, we calculate the second-order correlation function

between emissions at two-time instances, denoted as t and t′
under a continuous-wave (CW) pump (P tð Þ ¼ P0). The second-
order correlation function for QD located at lattice site j is

Fig. 4 Quantum correlation properties. a Second-order correlation function g 2ð Þ
1 t; t0ð Þ as a function of the time delay t - t′ for a single QD

without (dotted line) and with (black solid line with points) noise. b g 2ð Þ
1 t; t0ð Þ for topological SSH chain without (dotted line) and with (red

solid line with dots) noise. As can be seen, g 2ð Þ
1 t; t0ð Þ is almost unaffected by noise. Here we consider, J0 ¼ 30 meV, θ ¼ π=5, noise strength

ϵ ¼ 0:5meV, CW excitation strength P0 ¼ 0:5meV, and decay strength γ0 ¼ 1meV. c The HOM visibility as a function of hopping amplitude J0.
The visibility for a single QD is V1 ¼ 0:958. For the SSH chain, we consider QD numbers N= 4, 6, 8, and 12. When J0 is relatively large, V1 is
increased with a larger N. Here, we set the excitation strength P0= 3 meV, period 2T= 5 ps, and time interval Δt= 0.15 ps. All the results are
averaged over 64 noise realizations.
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expressed as follows:

g 2ð Þ
j t; t0ð Þ ¼

σþj tð Þσþj t0ð Þσ�j tð Þσ�j t0ð Þ
D E

nj tð Þ
	 


nj t0ð Þ	 
 ; (8)

where nj tð Þ ¼ σþj tð Þσ�j tð Þ. Figure 4a, b depict the second-order
correlation function g 2ð Þ

1 t; t0ð Þ as a function of the time delay t-t′ in
the steady state for a single QD and the edge QD of a topological
SSH chain, respectively. We demonstrate the edge QD in a chain
preserves the single-photon purity compared with the single QD
and the robustness against noise. In contrast, topologically trivial
chains show strong oscillations around zero time delay in the
second-order correlation function, which is unsuitable for single-
photon emission (see Supplementary Fig. 7).
Next, we calculate the indistinguishability of the single-photon

emission represented by the HOM visibility61. Here, we consider a
pulsed excitation with the form P tð Þ ¼ P0

P
n exp½� t � 2nTð Þ2=

2Δt2ð Þ�, where 2T is the period that the system is excited and Δt is
the time interval. We define the intensity cross-correlation
function for the HOM measurement as

G 2ð Þ
j t; t0ð Þ ¼ 1

2
nj tð Þ
	 


nj t
0ð Þ	 
þ σþj tð Þσþj t0ð Þσ�j tð Þσ�j t0ð Þ

D E
� σþj tð Þσ�j t0ð Þ
D E��� ���2� 

:

(9)

Since G 2ð Þ
j t; t0ð Þ goes to 0 around zero delay time, the single-

photon indistinguishability for a lattice site j is evaluated by the

HOM visibility Vj:

Vj ¼ 1�
R T
0dt
R�T
T dt0G 2ð Þ

j t; t0ð ÞR T
0dt
R T
3Tdt

0G 2ð Þ
j t; t0ð Þ

; (10)

The results of the edge QD (j= 1) V1 are shown in Fig. 4c. With
our considered parameters, the HOM visibility V1 ¼ 0:958 for a
single QD. Intriguingly, we can see that the HOM visibility for a
topological SSH chain is larger than that of a single QD. Besides,
the visibility is improved when there are more QDs close to the
topological phase transition point (θ ! π=4), which is consistent
with the topological linewidth narrowing shown in Fig. 2. These
results demonstrate that the indistinguishability of the emission at
the single-photon level can be systematically improved by
increasing the SSH chain size.

Micropillars
Micropillars62 offer a promising platform to realize our proposed
scheme for achieving topological linewidth narrowing. Since
strong quantum hopping (J and J′) is a requirement, we must
estimate the hopping strength for micropillar systems. This system
can be described by an effective Hamiltonian Hsys ¼ �
_2∇2
� �

= 2meffð Þ þ V rð Þ, where the effective mass meff is a material
parameter and the potential energy V(r) represents the micro-
pillars. As schematically depicted in Fig. 5a, a potential well with a
certain depth represents a micropillar with a certain height. We
investigate the dependence of the hopping amplitude Jsys
between two micropillars on parameters such as effective mass,

a
WSe2
CsPbBr3

GaAs

Depth (meV)

Depth (THz)

Distance (nm) Meff  (me )

2.4 4.8 7.3 9.7 12.1

b

c d

Fig. 5 Estimation of the hopping amplitude for different materials. a The effective potential energy configuration of two micropillars
separated by a distance. b Hopping amplitude Jsys as a function of the energy depth of the micropillars for different materials (GaAs, WSe2,
and CsPbBr3). c Jsys as a function of the distance between two micropillars. d Jsys as a function of the effective mass of the micropillar quantum
dots. The parameter γQD is the linewidth of QDs in respective materials. We consider meff ¼ 0:05me, depth 10meV and distance 5 nm, when
they are not variables. The single QD linewidth γQD= 0.15, 0.18, and 1meV for GaAs, WSe2, and CsPbBr3, respectively.
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potential well depth, and distance between the micropillars. Our
simulations consider parameters for different materials, such as
GaAs QDs, defects (can be regarded as QDs) in WSe2 monolayer,
and colloidal CsPbBr3 QDs.
As shown in Fig. 5b, our analysis reveals that Jsys decreases as

the depth of the potential well increases (see Supplementary Note
4 for further analysis). Additionally, smaller distances between
micropillars and smaller effective masses lead to larger Jsys, as
demonstrated in Fig. 5c, d. Notably, different materials exhibit
different single-photon broadening, necessitating a comparison of
Jsys with the linewidth γQD. We find that Jsys=γQD can reach values
as high as 50, 40, and 5 for GaAs, WSe2, and CsPbBr3, respectively.
Thus, our investigation suggests that the realization of our
proposed scheme of topological linewidth narrowing is feasible
with available materials.

Coupling with microcavities
We have determined that the effective mass meff plays a crucial
role in controlling Jsys. However, it is impossible to directly change
meff for a given material. To address this issue, we leverage the
concept of light-matter coupling in a microcavity system to
manipulate the effective mass. In such a system, the micropillar-
QD systems are positioned inside microcavities such that the
excitons in QDs can be coherently coupled to the cavity photons,
which can be understood using the exciton-polariton picture63–66.
The corresponding Hamiltonian is given by

Htot ¼
Hsys δ

δ �ð_∇Þ2=ð2mcÞ

 !
; (11)

where mc is the effective mass of the cavity photons (mc � meff ),
and δ determines the coupling strength between cavity photons
and QDs. As QDs coherently couple to the cavity, an additional
channel for the hopping process is created, leading to a reduction
in the effective mass. This results in an enhancement of Jsys, as
demonstrated in Fig. 6.

DISCUSSION
Our approach for achieving topological linewidth narrowing holds
great promise for extending to any two-level quantum emitters,
including trapped atoms, ions, or superconducting qubits.
Emissions stemming from certain electronic transitions in trapped
atoms and ions can be harnessed for single-photon genera-
tion67,68. Moreover, they offer advanced techniques for precisely
controlling the positions of individual atoms or ions. Therefore,
implementing the SSH chains in these systems is certainly
achievable using state-of-art technologies. Superconducting

qubits provide another platform for implementing SSH chains of
two-level quantum systems. In this setup, microwave photons can
be detected to investigate the narrowing of the spectral
linewidth69. Furthermore, our scheme could also be used to
enhance the operating temperature of quantum emitters since
topological linewidth narrowing in quantum SSH chains can
effectively compensate for thermal broadening at high tempera-
tures. In fact, by increasing the size of the SSH chain (N approaches
∞), the noise-induced linewidth can be arbitrarily reduced (γSSH
approaches to 0), which in principle could enable enhancement of
the operating temperature to a high value. Another essential
concept in the field of quantum optics is the super/subradiance,
which represents the phenomenon that enhances/suppresses the
emission due to constructive/destructive interference between
the emitters70. The coupled QD system has shown the ability to
achieve and control the two states71–73, so it can also be applied in
our SSH system, though detailed discussion on this topic is
beyond our scope in this work.
We note that a nonzero linewidth appears from the finite

lifetime of a QD. However, such a contribution in our considered
system is extremely small compared to the actual linewidth (see
Supplementary Table 1). Typically, spectral linewidth correspond-
ing to the finite lifetime is several orders smaller than the actual
linewidth (γQD). Thus, while such a small effect is inconsequential
in our present work, it does put an asymptotic limit to the
topological linewidth narrowing. However, note that narrowing
the linewidth beyond this limit would also decrease the emission
rate, and thus, it might be detrimental to the overall performance.
For real applications, we may make a compromise between the
emission rate and the emission linewidth to avoid an emission
rate that is too low. A narrow linewidth can also pose a challenge
for exciting the system. For controllable systems, such as trapped
atoms and ions, one may drive the system into the topologically
trivial phase (characterized by a large linewidth) for excitation and
then return the system to the topological phase to achieve single-
photon emission.
In practice, experimental challenges exist in achieving single-

photon emission from fabricated QDs with high reproducibility.
Nevertheless, significant progress has been made in fabricating
single-photon emitters with specified site information. Strategies
include pre-patterning the semiconductor substrate before
epitaxy and subsequent guiding of the nucleation of III-V quantum
dots74,75 or chemically assisted assembly of colloidal perovskite
nanocrystals76,77. In addition, pillar sites defined with optimized
lithography procedure have been shown to give rise to local strain
for 2D semiconductors with a high yield of single-photon
emission78,79. More recently, the implementation of SSH Hamilto-
nian and the presence of edge states has been experimentally

Fig. 6 Enhancing the hopping amplitude by light-matter coupling. a A schematic representation of the coupling between the micropillar-
QD system and microcavity. b Jsys as a function of the coupling strength δ between QDs and the optical cavity for GaAs, WSe2, and CsPbBr3,
respectively. Here, meff ¼ 0:05me, depth is 10meV, and mc ¼ 10�4me.
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demonstrated utilizing phosphorus donors in silicon quantum dot
arrays where the electrons are strongly interacting80. Therefore,
we hope our scheme will be considered a viable method to realize
robust single-photon emitters. Another remaining challenge is
selectively channeling emitted photons from the edge site (j= 1)
to the detector. This could be addressed by coupling a waveguide
structure between the edge site and the detector or by some
kinds of spatial filters81,82.
In conclusion, we have devised a scheme for reducing linewidth

in single-photon emission by arranging quantum emitters in a
topologically non-trivial SSH lattice. We observe that near the
topological phase transition point, the linewidth experiences a
drastic reduction, becoming much smaller than that of an isolated
emitter. For a large system size, the linewidth can be made
arbitrarily small near the transition point, but a sufficiently strong
hopping amplitude is necessary to maintain a substantial band
gap. We show that the linewidth narrowing is intimately linked to
the suppression of eigenvalue fluctuations in the vicinity of the
transition point. We also identify several physical systems that
offer promising prospects for the experimental realization of our
scheme. Our approach is conducive to being integrated into
quantum information processing devices based on photonic
chips. It is inherently scalable, thereby facilitating its ultimate
application to a vast number of quantum emitters on photonic
platforms without requiring external control.
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