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Abstract: Topological photonic systems offer a robust plat-
form for guiding light in the presence of disorder, but
their interplay with quantum emitters remains a fron-
tier for realizing strongly correlated quantum states. Here,
we explore a ring-shaped Su-Schrieffer-Heeger (SSH) pho-
tonic lattice interfaced with multiple quantum emitters
to control topologically protected chiral quantum dynam-
ics. Using a full microscopic model that includes cascaded
Lindblad dynamics and chiral emitter-bath couplings, we
reveal how the topology of the bath mediates nonrecipro-
cal, long-range interactions between emitters. These inter-
actions lead to rich many-body spin phenomena, including
robust coherence, directional energy transfer, captured by
an effective spin Hamiltonian derived from the system’s
topology. We show that topological bound states enable
unidirectional emission, protect coherence against dissi-
pation, and imprint nontrivial entanglement and mutual
information patterns among the emitters. In particular,
we showed that under circularly polarized excitation, the
emitters not only inherit spin angular momentum from
the field but also serve as transducers that coherently
launch the spin-orbit-coupled topological photonic modes
into the far field. Our results establish a direct bridge
between topological photonic baths and emergent quan-
tum magnetism, positioning this architecture as a promis-
ing testbed for studying chiral quantum optics, topologi-
cally protected entangled states, and long-range quantum
coherence.
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1 Introduction

Preserving quantum coherence in complex photonic envi-
ronments is a central challenge in quantum science [1],
[2], key advances in single-photon sources [3], [4], quan-
tum communication, and beyond [5]-[8]. Decoherence,
often attributed to losses, scattering, or disorder, can
instead be suppressed, or even harnessed, through care-
ful engineering of the environment itself [9], [10]. Topo-
logical photonics offers a powerful framework for such
control: exploiting symmetry, interference, and topologi-
cal invariants, it enables robust light—matter interactions
protected against disorder [11], [12]. Platforms inspired by
the Su-Schrieffer—Heeger (SSH) model provide an ideal
architecture to explore this paradigm [13]-[15]. These sys-
tems support edge-localized photonic modes with chiral
propagation, immune to backscattering even in the pres-
ence of fabrication imperfections or material losses; mate-
rial loss will attenuate the mode but does not, by itself,
break the topological protection as long as the bandgap
remains open [12], [16]-[19]. When coupled to quantum
emitters, such topological baths mediate unconventional
dynamics: unidirectional coupling, non-Markovian evolu-
tion, fractional decay, and photonic bound states even in
the weak-coupling regime [20]-[23]. The structured envi-
ronment can control and give rise to long-range, phase-
coherent interactions between emitters, governed by an
emergent many-emitter effective spin Hamiltonian. These
interactions, encoded in the Green’s tensor of the photonic
bath, inherit its range and chirality [24], enabling nontriv-
ial [22] many-body effects such as unidirectional superra-
diance, quantum spin coherence, and topological phases
including a double Néel state. We design and analyze a
realistic nanophotonic SSH ring in a 40-nm gold film (32
nanoholes, 16 unit cells) (Figure 1a). A physics-informed
deep-learning framework yields a dimerized geometry that
supports vortex-like topological edge modes with azimuthal
phase winding and transverse spin-orbit coupling (SOC)
[25], [26]. Circularly polarized light carrying orbital angular
momentum (OAM) selectively launches unidirectional edge
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Figure 1: Topological photonic SSH ring with chiral emitter coupling and mode analysis. (a) Schematic of a dimerized SSH ring supporting excited
charily at topological photonic modes using circularly polarized pump. The topological modes in SSH chain launching unidirectional (chiral) excitation
around the ring, interact and excite the quantum emitters (gold nano sphere) in chiral way by the coupling coefficient f*. The emitted field inherits
the vortex profile of the SSH eigenmode, coherently transferred to the far field via Purcell-enhanced dipole emission. (b) Photonic band structure

of the SSH model for several values of the dimerization parameter 6. Increasing 6 opens a topological bandgap around @ = 0, isolating in-gap edge
states (black dashed lines). (c-e) Eigenmode profiles of a finite SSH ring. Vertical bars show the field amplitudes on sublattice sites A (red) and B
(blue). (c) Modes 1-3 exhibit bulk-like symmetric delocalization. (e) Modes 4-6 display staggered or asymmetric localization, reflecting consistent

with localized or chiral behaviour.

modes. Gold nanospheres (60 nm) at selected nanoholes
act as quantized dipolar emitters [27], [28], coupling
spin-selectively to co-propagating edge modes via spin-OAM
locking. The platform provides a chiral quantum interface
that enables directional excitation and vortex-beam emis-
sion, uniting topological photonics, quantum spin physics,
and quantized plasmonics.

2 SSH bath Hamiltonian in a ring
geometry

The SSH lattice comprises (A/B) sublattice per unit cell with
alternating intra-cell (v) and inter-cell (v) coupling (Supple-
mentary Figures S; and S,). The two bands are symmetric
about zero due to chiral sublattice symmetry; a bandgap
opens around zero and closes at v = w (Figure 1b and d).
In the SSH ring, two topologically distinct phases arise
depending on |v/w| [29]. The magnitude of the dimer-
ization parameter 6 = (v — w)/(v + w) controls gap open-
ing; its sign sets the chirality of edge-like gap modes and
determines whether clockwise or counter-clockwise prop-
agation is excited for a given sublattice and unit-cell origin
(Figure 1c and e).

The topology is captured by the winding number §
(Eq. (4)), which counts how many times the Bloch vector
winds around the origin across the Brillouin zone [30]:

T

_1/4d
= o | arg(f(k))dk ()]

Here in SSH ring shape, it counts how many times
the vector f(k) = —J[(1+6) + (1— &)e~"] winds around
the origin in the complex plan as k € [—x, x]. In an SSH
chain in aging geometry with one domain wall with nearest
neighbour hopping only, { = +1 introduces topologically
nontrivial edge states and { = 0 represents the trivial edge
states. Although a closed ring has no physical edges, { man-
ifests in the sublattice phase structure and in directional
emitter-bath coupling. Superlattice modulations or domain-
wall interference increase winding, yielding multiple edge
modes (Figure S3) and higher-order topological features [26]
(see Supplementary Section I). The manifestation of positive
and negative winding numbers ({) becomes apparent upon
analysis of the orbital angular momentum associated with
these modes. Detailed visualizations of the orbital angular
momentum pertaining to both of these topologically non-
trivial modes will be discussed later.
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3 Quantum emitters
and interaction with the bath

By introducing N, two-level quantum emitters (QEs) embed-
ded in or near specific sublattice sites (A and B), each emitter
locally couples to the photonic mode of that site. Let |g) and
|e) be the ground and excited states of a QE, with transition
frequency w,. We define the detuning A = @, — @, from
the mid-gap frequency. The free Hamiltonian for the emit-
ters is simply [20]:

@

where c¢|e,,)(e| is the projector onto the excited state of
emitter m.
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When the emitters interact with the structured pho-
tonic bath, one can derive an effective open-system master
equation for the emitters alone by tracing out the photonic
modes. In the Born—-Markov approximation, the reduced
density matrix p of the emitters obeys [31], [32]:

ab
p=-1 [Hs + Hiq, p] + Z gm (Zafepo'fng — ar:go'fep
mn
— poicl’) ©)

This equation includes both coherent Lamb shifts
(through an effective Hamiltonian H;s = ¥, J® oré 5 +
H.c., which is responsible for coherent interactions medi-
ated by the bath, and dissipative decay terms between emit-
ter n and m) and I'?2 dissipation. Here a,b € {A, B} label

mn’
the sublattices of emitters m, n. For unidirectional baths,
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Figure 2: Chiral mode structure and emitter coupling in a topological SSH ring. (a-c) Energy spectra of the SSH ring with N = 48 lattice sites (24
dimers), showing the emergence of in-gap states due to emitter coupling. (a) The bare SSH ring with 6 = 0.5 exhibits a clear bandgap and topological
edge modes under periodic boundary conditions. (b) Introducing a single emitter perturbs the system and induces a localized bound state near
mid-gap. (c) With two emitters, the in-gap structure becomes more complex, exhibiting mode hybridization as the emitters couple coherently through
the bath. The mode index spans all eigenmodes sorted by energy. (d) Mode-resolved coupling strengths |ﬁ*(k) |2 for each emitter, showing
asymmetric spectral overlap. Emitter 1 (red solid) couples more strongly to mid-gap modes than emitter 2 (blue dashed), illustrating chiral coupling
governed by the SSH bath topology and spatial mode structure. The topological mid-gap hybrid modes are highlighted in (c) (red and blue markers)
and its mode index is indicated by the green dashed line. The same index is marked in (d), showing that both emitter 1 (red) and emitter 2 (blue)
couple strongly to this gap mode. The different peak amplitudes for emitter 1 and emitter 2 illustrate the chiral, directional coupling between the edge
mode and the two emitters. (e, f) Mode amplitude distributions around the ring for configurations with one (e) and two (f) emitters. Red and blue dots
denote amplitudes on sublattices A and B, respectively. Arrows indicate direction of topological energy flow, aligned with the sign of 6 and the f*
mediated unidirectional emission. The Lamb shift, originating from virtual photon exchange via SSH eigenmodes, shifts the effective energies

of the emitters and modifies the collective dynamics.
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the reduced emitter master equation acquires a cascaded
Lindblad structure with nonreciprocal couplings [23], [32]:

p=—i|Hs+ H, p| + Zan(ZG;pcr; —otop

m<n
—potor) 4

where Hyg = ¥,A;07 0, is free emitter Hamiltonian and
al.+ = |e)(gl, o; = |g)(e| are raising/lowering operators. As
shown in Figure 2, by introducing one emitter near the two
topological edge states of the ring (Figure 2a), coupling to the
edge mode, breaks the perfect bath symmetry and creates
an avoided crossing leads to splitting the original edge state
(Figure 2b), if the second emitters is introduced, effectively
forming a cascaded chain through the photonic bath
Figure 2c. The dominant contribution to topological mode
excitation of emitter 1 and weaker and shifted response of
emitter 2, is because emitter 2 receives energy from emitter
1, but cannot influence it back. The asymmetry in coupling
strengths (Figure 2d) which is due to the chirality and
directional propagation from emitter 1 to emitter
2 (Figure 2e and f) is the direct evidence of chiral,
unidirectional dynamics. This non-Hermitian extension
and nonreciprocal coupling leading to asymmetric energy
flow and a cascade structure in eigenvalues which predicted
by rich open-system cascaded Lindblad dynamics.

4 Photonic bound states
and chirality

Ifa QF’s frequency lies in a bandgap, decay into propagating
modes is suppressed and a bound state (BS) forms, localized
around the emitter. The BS wavefunction is [33]:

|P(®) = C,(t)|e; Vac) + Z Ce,a(t)|g; L,) 0

J.a€{A.B}

where C,(t) equal to the long-time excited-state amplitude.
In the single-excitation sector, the state takes the form of
Eq. (5), and its energy is given by the self-consistency condi-
tion Eq. (6), with up to three solutions (lower/middle/upper
gaps) owing to divergences at band edges [34]:

Egs= A+ ) (Eg) (6)

The BS coefficients (Eq. (5)) yield a fractional decay:
the long-time excited-state population equals |Ce|2, which
is finite at mid-gap (A = 0). The localization length scales
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_ 1 . . e
as Lys = _1n|T—5’ increasing as the gap closes. A striking
146

feature is chiral localization: at A = 0, the BS is confined
to one sublattice on one side of the emitter (C;, =0,C;z =

gC, (-1 ](115) <:—g>] for j > 0), with the occupied sub-
lattice and direction set by sign of o. If Ly; approaches N
(when the gap nearly closes), the bound state’s evanescent
tail can wrap around the ring and meet the “back” of the
emitter. In that regime the strictly one-sided solution is
not unique, the clockwise and counter clockwise decay-
ing solutions hybridize into two standing-wave modes (one
symmetric, one antisymmetric). However, for a moderate
ring size (for example, 16 cells) and a reasonably sized
gap, the bound state is effectively chiral and confined to
one side of the QE (for more information see Supplemen-
tary Information Section III). While we use the minimal
nearest-neighbour SSH bath Hamiltonian to define the topo-
logical charge and the chiral gap, we verified that adding
moderate further-neighbour couplings only renormalizes
the gap and the bound-state localization length Ly with-
out altering winding number ¢ as long as the gap remains
open.

5 Emitter-emitter interactions
and directionality

With multiple emitters in a gap, exchange of virtual photons
via BSs generates a purely coherent Hamiltonian in the
Markovian limit [35], [36]:

Hy =] (0y80r5 + H.C.) )
with exponentially decaying J% = Rerrf’n(a)E). The
sign and sublattice dependence of ],‘}31 encode topology:
for mid-gap |A| =0, same-sublattice couplings cancel
while cross-sublattice couplings dominate and alternate
in sign with distance. Flipping 6 reverses the sign of
same-sublattice ]gf;l but leaves cross-sublattice couplings
unchanged. In a ring, geometry makes these couplings
chiral. For emitters on A at cell n and B at m, Eq. (7) gives
Jom < €~%/1ss only when m is ahead of n in the direction set
by o; the reverse orientation is exponentially suppressed.
This non-reciprocal behaviour is a direct consequence of
the one-sided BS: emitter 1 can send a virtual photon only
into its forward sublattice. Finite rings yield exponentially
small “forbidden” couplings except when emitters are
nearly opposite, where forward/backward paths merge.
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One can quantify nonreciprocity via the chiral coupling
efficiency [37]:

2
PR - I A (V|
" sl v St T2+

which remains high in our topological bath even
with moderate loss. Figure3 shows that coherence
oscillations survive dissipation due to symmetry and
topological protection. Simulations with six randomly
placed emitters (Figure 3d) confirm direction-dependent
coupling and robust localization mediated by BSs,
qualitatively distinct from conventional (non-topological)
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As the excitation moves between emitters, the reduced
dynamics of the emitter subsystem becomes highly non-
Markovian (see Figure 4a). To quantify the coherence of
the emitter system, we compute the purity of the reduced
density matrix [38]:

Purity(t) = Tr[p,(t)*] 9)

where p,(t) is obtained by tracing out the photonic bath
degrees of freedom. A purity close to 1 indicates low
entanglement with the bath and high coherence, while a
lower purity reflects decoherence and mixedness due to
system-bath entanglement. As demonstrated in Figure 4b,
the purity of the emitter subsystem exhibits sharp oscilla-
tions during this process, signalling strong non-Markovian
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Figure 3: Topology-enabled chiral light-matter interactions and coherent dynamics in structured reservoirs. (a) Schematic comparison between

a non-chiral (top) and chiral (bottom) reservoir. In the non-chiral case, symmetric emission leads to bidirectional photon exchange between emitters
via coupling constants #. In contrast, the chiral reservoir supports unidirectional energy flow (f*), enabling nonreciprocal emitter-emitter inter-
actions. (b) Chiral propagation around a topological SSH ring with embedded emitters. The directionality of excitation transfer is governed by the sign
of the dimerization &, with f* enforcing clockwise photon-mediated coupling. (c) Coherent emitter dynamics in the presence (solid blue) and absence
(dashed red) of dissipation. Even in a dissipative photonic bath, topological protection preserves long-lived oscillations in the excited-state population,
indicating robust coherence. (d) Time evolution of the emitter excited-state probability |Ce(t)|z for several values of the dimerization parameter 6.

As 6 increases, opening a stronger topological bandgap, the system exhibits enhanced coherence, slower decay, and saturation at higher population
plateaus. This demonstrates the role of bath topology in preserving emitter coherence and suppressing decoherence.
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Figure 4: Chiral energy transfer and entanglement growth in a topological emitter array. (a) Time-resolved excitation dynamics of six emitters
coupled in a chiral photonic SSH ring. An initial excitation on emitter 1 propagates unidirectionally (8*) through the ring, sequentially exciting emitters
2 through 6 in a coherent cascade, demonstrating robust topological chiral transport. (b) Subsystem purity Tr(p?) of the emitter array over time.

The recurring dips in purity indicate entanglement generation and coherent mixing with the surrounding emitters, reflecting non-Markovian dynam-
ics governed by the structured bath. (c) Bipartite von Neumann entanglement entropy S(pA) across spatial cuts of the emitter chain for |6] = 0.5.

The entropy dip at the central cut reflects a double Néel-type spin structure, consistent with alternating sublattices and topology-induced correla-
tions. (d) Comparison of entanglement entropy between topological (|6| = 0.7) and trivial (|5| = 0) regimes. The topological configuration supports
significantly stronger entanglement across all bipartitions, revealing long-range quantum correlations mediated by bound photonic edge modes.

dynamics and revivals of quantum coherence. These fluc-
tuations indicate transient entanglement as the excitation
rotates around the ring, periodically localizing and delocal-
izing among the emitters.

The degree of intra-emitter quantum entanglement in
such a system can be characterize using the bipartite von
Neumann entropy. At each time slice or in the ground state,
we partition the emitter array into two contiguous subsys-
tems A and B (emitters 1...k and k + 1...N,), compute the
reduced density matrix p, = Try[p,|, and evaluate [39]:

S(pa) = —Tr[pslog,n,| (10)

This entanglement entropy reflects quantum correla-
tions between emitter partitions. As shown in Figure 4c and
d, we observe that S(p,) increases with subsystem size
and is significantly enhanced in topological phases (|6]| =
0.5,0.7) compared to the trivial case (]6| = 0). The entropy
distribution is also asymmetric, revealing the effect of chiral
propagation and directional information flow. In Figure 4,
the weaker entanglement weak near position 2 is because of
sublattice mismatch between emitter 2 and emitter3 which
leads to weaker inter-part correlations with the neigh-
bours. This dip is not appeared in Figure 4d, this is because
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[6] = 0.7 and bound states and virtual photon exchange
delocalize correlations across the whole emitter chain, lead-
ing to smooth, collective entanglement growth. That is, each
emitter becomes correlated not just with its neighbour,
but with a wider neighbourhood, evidence of topological
baths with extended interaction kernels J,,,. Thus, no sin-
gle bipartition sees a weak link strong enough to suppress
S(p,) in anoticeable way. The correlation network is denser
in comparison to |6| = 0.5 which means topological baths
generate long-range coherent correlations, smoothing out
entropy across cuts. On the other hand, the trivial case
(I6] = 0) remains nearly flat and low, reflecting little-to-no
quantum correlation across cuts. The dynamics of purity
and entanglement entropy confirm that the topological SSH
ring bath mediates not only coherent excitation transfer, but
also facilitates long-range quantum correlations among the
emitters due to the additional symmetry. The many emitters
long range coupling leads to effective spin model to cap-
ture the collective effects and enters a regime dominated
by bound-state-mediated interactions. Such bound states
are chiral, exponentially localized, and exhibit asymmetric
wavefunctions that propagate unidirectionally around the
ring, governed by the sign of the dimerization parameter 6.

6 Many-emitter effective spin
model

Tracing out the photonic bath yields an effective spin- ,,
model for the emitters. In the presence of a laser pump
which introduces a chemical potential y term in the effec-
tive spin Hamiltonian, we can control the average excitation
density across the emitter array [8]:

Hpn= Y ]gg(a;f 0%+ H.c.)
m,n

H
) (O-rzn,A + O-rzn,B>
m

(1)

Here o7 , = |e)m’A<e| - |g>m’A<g| is the Pauli-Z opera-
tor for the emitter on site (m, A) (and similarly for (m, B)).
The coupling coefficients J22 are derived from the real
part of the bath’s Green’s function evaluated at the emitter
frequency (see Eq. (4)), which captures the directionality,
range, and chirality of the underlying photonic bath. The
spin Hamiltonian (11) is bipartite (spins on A only inter-
act with spins on B) and inherits a directionality from the
sign of §: each A—B pair interacts only if one is clockwise
of the other (for 6 > 0) or only if one is counter-clockwise
of the other (for 6 < 0). Moreover, the interaction range can
be tuned from short to infinite by adjusting |].
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Two notable many-body phases appear in such a model,
as revealed by exact diagonalization of finite size chains.
For strong excitation bias ||, the system is fully polarized
(all spins in |g)). As |u| is reduced, the system undergoes
a phase transition and the spins can form an XY super-
fluid (for shorter-range interactions) or enter a long-range
ordered phase depending on the range of J42. In particu-
lar, when A = 0 (in the middle of the topological gap), the
system develops a double Néel order. This exotic config-
uration emerges from the alternating-sign, unidirectional
couplings in Eq. (11) and has no analogue in conventional
spin models. In an open chain, topological boundary modes
would lead to uncoupled spins at the edges. However, in
our ring geometry, these boundary spins are connected by
periodicity. This lifts any degeneracy associated with edge
modes and supports a uniformly extended double Néel state
around the loop, a clear manifestation of topological coher-
ence and symmetry breaking in many-emitter photonic sys-
tems. Figure 5a displays the sparsity pattern of the effective
spin Hamiltonian Hy;, with dimerization parameter 6 =
0.5, showing that spin interactions are exclusively bipartite
(A < B) and exhibit long-range structure, a direct conse-
quence of the chiral, directional Green’s function mediated
by the SSH photonic ring.

In the special limit of 6 - 0 (nearly uniform chain,
Lgg — 0), J43 hecomes effectively constant for all pairs.
However, this uniform configuration leads to a high degree
of symmetry in the emitter-mediated interactions but the
photonic bandgap closes, eliminating any topological edge
modes. Then Hamiltonian (11) simplifies via a unitary trans-
formation U (flipping the sign of every other spin to remove
the (—1)/ factors to [40]:

H = UH,

spin pinU* = J(S5S5 +5;57) (12)
where Sf = ¥,.07¢, and S; = ¥, 0% represent collective
raising/lowering operators for all emitters on sublattice A
or B. This model captures coherent exchange between two
large spins and supports a mean-field ferromagnetic order
in the XY plane, with sublattices A and B anti-aligned in
phase space. This ordered phase corresponds, in the origi-
nal basis, to a double Néel-like configuration, but it is not
topological. The corresponding energy spectrum (Figure 5b)
reveals a narrow band of nearly symmetric eigenvalues
(with dimerization parameter 6 = 0.05), consistent with col-
lective behaviour in a bipartite XX-type model, particularly
in the near-uniform limit.

In contrast, for finite 6 # 0, the SSH ring exhibits a finite
photonic bandgap and retains its topological band structure,
enabling the emergence of topologically protected emitter
modes. In this regime, the many-body physics intertwines
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Figure 5: Correlation structure and spectral properties of the many-emitter effective spin Hamiltonian. (a) Sparsity pattern of the effective spin
Hamiltonian derived from integrating out the chiral SSH photonic bath, shown for a ring of 64 emitters alternating on A/B sublattices. The non-zero
entries (nz = 480) reveal long-range, directionally biased couplings induced by the topological bath, while maintaining bipartite symmetry. (b) The
corresponding energy spectrum exhibits a nearly symmetric distribution of eigenvalues for weak dimerization (6 = 0.05), indicative of emergent
collective behaviour. This structure is consistent with an effective long-range XX model in the near-uniform coupling limit, where the bandgap closes
and coherence is delocalized. (c) Ground-state spin-spin correlator o7 computed for six emitters, showing strong correlations within sublattices
and alternating correlations across A/B pairs. The staggered structure reflects a double Néel-like ordering, characteristic of topological spin exchange
mediated by the SSH bath. (d) Mutual information matrix between emitters, quantifying quantum correlations across the ring. High off-diagonal
values, especially between distant A/B sites, highlight the presence of long-range entanglement induced by topological chiral interactions

(B* directionality).

with the geometry and topology of the lattice, leading to
novel spin phases that are absent in trivial chains with
0 =0, means the existence of long-range coherence and
robust spin phases in this system is intrinsically linked to
the presence of a topological gap and its associated bound
states. To probe the structure of the ground state, we eval-
uate equal-time spinspin correlations (o;og) in Figure 5c.
The resulting matrix shows staggered antiferromagnetic
correlations on alternating sublattices, characteristic of the

predicted double Néel order in chiral emitter-emitter inter-
action mediated by topological origin. The mutual informa-
tion matrix (Figure 5d) further confirms the emergence of
entanglement across nonlocal pairs, showing that the topo-
logical photonic environment supports long-range quan-
tum correlations that are encoded into the effective spin
model. These features would become more short-ranged or
suppressed for higher dimerization (e.g., 6 = 0.7), where
the interactions become more localized and the many-body
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wavefunction flattens due to tighter confinement of the
photonic bound states. The entanglement entropy plotted
across bipartite cuts for different values of the dimerization
parameter ¢ in Figure 4. Although the spatial range of the
interaction becomes shorter in limit of |6| — 1, its coher-
ence and robustness increase, leading to stronger entan-
glement and more structured mutual information matrices.
This effect is particularly pronounced in the ring geom-
etry, where periodic boundary conditions eliminate edge
effects and allow topological modes to propagate unidirec-
tionally without reflection. For intermediate-to-large 6 (e.g.,
0 =~ 0.5 —0.7), we observe maximal entanglement entropy
across emitter partitions and pronounced mutual informa-
tion between distant pairs, highlighting the critical role of
topological band structure in enabling robust many-body
coherence.

Having established the theoretical underpinnings of
topological emitter-bath dynamics in the SSH ring geometry,
we turn to a realistic nanophotonic implementation capable
of hosting such physics. We pattern a 40 nm gold film with
32 circular nanoholes (diameter D = 248 nm), arranged as 16
SSH unit cells in a closed ring. Alternating center-to-center
spacings Si,. = 240 nm, Si,.; = 260 nm (see Figure S,).
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A physics-informed deep-learning design targets a topolog-
ical bandgap and strong mode confinement at 4 &~ 793 nm,
consistent with prior plasmonic resonances observed near
789-793 nm. 20 Full-wave simulations (COMSOL) confirm
an SSH-like plasmonic band structure with edge-localized
modes (Figure S4) [25].

We place 60 nm gold nanospheres at selected holes
as plasmonic quantum emitters. In the dipole limit, their
optical response can be quantized as bosonic oscillators
[41]:

ﬁ plasmon = Zhwplasmon<a;a/1 + %) (13)

2

where @, @', are annihilation/creation operators and 4 = 1
for dipole, selectively coupling to vortex-like edge modes
with OAM and spin-orbit locking (see Figure 6b—f). The
topological modes in SSH ring, exhibit vortex-like electric
fields, described by a twisted phase structure Egsy(p, @) &
E,e/Co+kr) "and k, is the radial wavevector [42] (see Sup-
plementary Information Sections IV and V). which induce
a dipole P « E, with angular-momentum index { enabling
spin-momentum locking (Supplementary Section IV) [43].
Only one circular dipole component (e.g. ¢*) couples effi-
ciently to a given propagation direction, producing chiral
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Figure 6: Chiral topological mode transfer from the SSH ring to the far field via emitter-enhanced vortex coupling. (a) Schematic illustration of the
far-field propagation of topological optical modes in a nanophotonic SSH ring composed of 16 subwavelength holes patterned in a 40 nm-thick gold

film. Gold nanospheres placed h =200 nm above the ring act as localized dipolar emitters, coherently coupled to the vortex-like near fields supported
by the SSH chain. The vertical propagation of these hybrid modes leads to far-field patterns carrying well-defined orbital angular momentum (OAM),
enabled by spin-orbit coupling and enhanced through near-field overlap and Purcell enhancement. (b-f) Simulated spatial electric field component
E, in the near field above the ring for selected resonances at 1.16 eV, 1.58 eV, 1.57 eV, 1.62 eV, and 1.66 eV, respectively, showing vortex-like features
characteristic of SSH topological band modes. (g-k) Corresponding far-field £, field profiles recorded at a vertical height Z, = 4 pm, revealing

the radiation patterns imprinted by emitter-SSH mode coupling and collective coherence. (m-q) Phase distribution arg(E,) in the far field, showing
quantized 2z ¢ phase winding around the beam center for winding numbers { = 1to { = 5. The far-field topological charge equals the SSH mode
winding number {; discrete azimuthal sampling by the A unit cells limits unique orders to |{| < N/2. The azimuthal phase singularities indicate

the transfer of OAM from the topological modes of the SSH ring to the far field, enabled by coherent re-radiation from gold nanospheres acting

as quantum emitters.
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excitation. The coupling is captured by the local field over-
lap and the Purcell factor [44]:

F, = Lssn — Im[P* 'ESSH]
P T, © Im[P*-Ey,]
_6nc®

d;‘ﬁ -IMmG(ry, 1y, @) - degy (14)

T
which is directional and spin-selective in our topologi-
cal bath, ds o \/hwRe[a(w)] [45] is the effective dipole
moment. The photonic Green tensor G(ro, w) governs both
collective decay I',,,, and coherent Lamb shifts J,, in Eq. (3).
The resulting interactions in the gap are long-ranged and
chiral, with range set by Lys. In the gap regime, I' - 0
and coherent exchange dominates, enabling many-emitter
entanglement and long-range spin coherence (Supplemen-
tary Section V).

Plasmonic emitters seeded by the topological mode re-
radiate coherently to the far field with a vortex phase profile
(Figure 6a). The radiated field [46]:

N
Ey (0, 0) ~ ) &Gy (X, 1)) - dog; {13

J=1

a;(t) = (a;(t)) is the collective coherent amplitude of each
emitter j, inherited from the spin ground state. The
sum combines the emitter contributions coherently; helic-
ity (o-’—f), emitter placement, and the dimerization 6 set
the propagation direction (the chirality) and OAM sign,
while the gap-set localization length controls the cou-
pling range, reconfigurable directionality and cascaded
many-emitter dynamics robust to disorder. This topologi-
cal mechanism yields functionalities, isolation-like trans-
port without magneto-optics, sublattice-addressable rout-
ing, and coherence-preserving exchange, that are not avail-
able in the similar molecules.

Simulations (Figure 6b—q) show clear 27 phase wind-
ings, i.e., far-field OAM equal to the SSH winding number
¢, linking near-field bound-state physics to far-field observ-
ables and providing an experimental signature of chiral
coupling and of the underlying topological mode. In a ring
with N unit cells (here N = 16), discrete SSH winding num-
ber |{| < N/2 (here N = 16). In practice, the coupling effi-
ciency decreases for very high |{], so the cleanest emission
appears for lower |{| [47].

7 Conclusions

Our results establish a flexible route to coherence-
preserving, long-range emitter networks using topological
plasmonic baths. This approach is not limited to the SSH
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chain; the same emitter—bath strategy can be extended to
other topological lattices beyond the SSH ring. Chiral bound
states at mid-gap generate unidirectional, exponentially
ranged couplings whose signs and sublattice structure
are set by the SSH topology which are not addressed in
earlier SSH ring demonstrations [48]. These couplings
drive non-Markovian revivals, robust coherence, and
long-range entanglement that we capture with an effective
bipartite spin model featuring a double Néel phase. The
ring geometry is crucial: periodicity eliminates edge
reflections, protects directionality, and supports uniform
many-body order. Beyond our specific implementation, the
principles, topological guidance, chirality, and collective
spin coherence extend naturally to hybrid platforms
including exciton-polaritons [49], [50], magnons [51],
plexcitons [49], [52], and layered 2D materials [43], [49],
[53]-[56]. The same Green-tensor-encoded interactions
can be engineered in dielectric metasurfaces and photonic
crystals, enabling spin-selective quantum interfaces that
are robust to disorder and operate beyond conventional
decoherence limits. Whereas other similar photonic
structures exhibit OAM and spin-orbit effects, our SSH
ring realizes gap-protected, sublattice-chiral bound
states that mediate unidirectional, exponentially ranged
emitter couplings. Combining our architecture with active
tuning (electro-optic or thermo-optic control of 6 and
®,) would permit in-situ reconfiguration of interaction
range, chirality, and many-body phase, while integrating
single-photon detectors or on-chip gratings would facilitate
direct readout of vortex-beam emission and correlation
functions.

8 Methods

8.1 Analytical calculations

To explore the quantum optics and mutual coherence, I
used home-built code. Full details about the parameters and
simulation times are presented in Supplementary Notes.

8.2 Surrogate active physics-informed deep
learning

For the design of SSH ring we used active physics-
informed deep learning [25]. In this work, we devel-
oped a physics-informed deep learning framework that
embeds key analytical constraints into the learning process
and uses fast surrogate models to explore design space
efficiently.
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Model overview: The network is trained to map a
compact set of geometric and coupling parameters. (nano-
hole diameter, intra/inter-dimer gap, dimerization, and
number of unit cells) and excitation wavelength to three
physically meaningful targets: coupling regime, topologi-
cal character, and propagation direction. Physical knowl-
edge enters the model in two ways: (1) feature engineering
and labels derived from analytical scaling (e.g., plasmon-
ruler/near-field coupling trends) and tight-binding theory;
and (2) loss terms that penalize violations of expected
behaviours (e.g., bandgap opening with dimerization, sub-
lattice/chirality consistency, and monotonic dependence of
localization length on |v/w|. By incorporating these con-
straints, such as plasmonic mode coupling laws, the net-
work can rapidly approximate topological properties from
inputs like hole size, lattice spacing, and coupling strength
without exhaustively solving Maxwell’s equations. Guided
by the flowchart in Figure S5, we trained the model in
three sequential tasks using a compact dataset of ~4,000
simplified simulations. The optimized ring of perforated
nanoholes designed with our physics informed deep learn-
ing exhibits a topological edge mode that propagates unidi-
rectionally under non-planar excitation, with experimental
operating conditions encoded during training.

8.3 Numerical simulations

We numerically corroborated the quantum-optical anal-
ysis with full-wave finite-element simulations (COMSOL
Multiphysics, Wave Optics Module). Candidate geometries
were first identified by our physics-informed surrogate
model, then verified by solving the frequency-domain
Maxwell equations using the electromagnetic waves, fre-
quency domain interface. The device consists of a dimer-
ized SSH ring perforated in a 40-nm gold film; 60-nm gold
nanospheres were positioned at selected nanoholes and
modelled as dipolar plasmonic emitters. We evaluated non-
planar (electron-beam-like) and optical excitations, and we
obtained near-field distributions (|E| and phase) together
with far-field radiation patterns. These simulations confirm
robust one-way edge transport and vortex-like emission in
the optimized designs.

Research funding: This work was supported by the DFG
Open Access Publication Fund of Kiel University (CAU).
Author contributions: The author confirms the sole respon-
sibility for the conception of the study, presented results and
manuscript preparation.

Conflict of interest: The author states no conflict of
interests.

F. Davoodi: Chiral coherent dynamics in topological photonic rings == 4407

Code availability: The code used for theoretical modelling
and simulations in this study is available from the corre-
sponding author upon reasonable request.

Supplementary information: The Supporting Information
is available free of charge: Supplementary Figures S1-5 and
Notes I-VIL

Supplementary video: Vortex-like rotating wave for wind-
ing numbers 1-5.

Notes: The preprint version of our work in this manuscript
is available online [57], [58].

Data availability: This study did not generate or analyze
any datasets beyond those presented in this article. All data
supporting the findings are contained within the main text
and figures.

References

[1] A. Peruzzo et al., “A variational eigenvalue solver on a photonic
quantum processor,” Nat. Commun., vol. 5, no. 4213, 2014. https://
doi.org/10.1038/ncomms5213.

[21 M. Bajcsy, A. S. Zibrov, and M. D. Lukin, “Stationary pulses of light
in an atomic medium,” Nature, vol. 426, no. 6967, 2003, https://doi
.org/10.1038/nature02176.

[3] E.Knill,R. Laflamme, and G. J. Milburn, “A scheme for efficient
quantum computation with linear optics,” Nature, vol. 409,
no. 6816, 2001, https://doi.org/10.1038/35051009.

[4] P. Michler et al., “A quantum dot single-photon turnstile device,”
Commun. Phys., vol. 290, no. 5500, 2025, https://doi.org/10.21203/
rs.3.rs-6796190/v1.

[5] J. Wang et al., “Terabit free-space data transmission employing
orbital angular momentum multiplexing,” Nat. Photonics, vol. 6,
no. 7, 2012, https://doi.org/10.1038/nphoton.2012.138.

[6] A.Wallraff et al., “Strong coupling of a single photon to a
superconducting qubit using circuit quantum electrodynamics,”
Nature, vol. 431, no. 7005, 2004, https://doi.org/10.1038/
nature02851.

[7]1 C.Song et al., “Generation of multicomponent atomic Schrodinger
cat states of up to 20 qubits,” Science, vol. 365, no. 6453, 2019,
https://doi.org/10.1126/science.aay0600.

[8] J.S. Douglas, H. Habibian, C.-L. Hung, A. V. Gorshkov, H. J. Kimble,
and D. E. Chang, “Quantum many-body models with cold atoms
coupled to photonic crystals,” Nat. Photonics, vol. 9, no. 5,
pp. 326—331, 2015.

[9] T.Yoshle et al., “Vacuum Rabi splitting with a single quantum dot
in a photonic crystal nanocavity,” Nature, vol. 432, no. 7014, 2004,
https://doi.org/10.1038/nature03119.

[10] L. M. Duan, M. D. Lukin, J. I. Cirac, and P. Zoller, “Long-distance
quantum communication with atomic ensembles and linear
optics,” Nature, vol. 414, no. 6862, 2001, https://doi.org/10.1038/
35106500.

[11] A.B.Khanikaev and A. AlU, “Topological photonics: robustness and
beyond,” Nat. Commun., vol. 15, no. 1, p. 931, 2024.

[12] L.Lu,).D.Joannopoulos, and M. Soljaci¢, “Topological photonics,”
Nat. Photonics, vol. 8, no. 11, pp. 821—829, 2014.


https://doi.org/10.1038/ncomms5213
https://doi.org/10.1038/ncomms5213
https://doi.org/10.1038/nature02176
https://doi.org/10.1038/nature02176
https://doi.org/10.1038/35051009
https://doi.org/10.21203/rs.3.rs-6796190/v1
https://doi.org/10.21203/rs.3.rs-6796190/v1
https://doi.org/10.1038/nphoton.2012.138
https://doi.org/10.1038/nature02851
https://doi.org/10.1038/nature02851
https://doi.org/10.1126/science.aay0600
https://doi.org/10.1038/nature03119
https://doi.org/10.1038/35106500
https://doi.org/10.1038/35106500

4408 = F.Davoodi: Chiral coherent dynamics in topological photonic rings

[13]

[14]

(3]

(6]

(7]

(8]

(9]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Q. Cheng, Y. Pan, Q. Wang, T. Li, and S. Zhu, “Topologically
protected interface mode in plasmonic waveguide arrays,” Laser
Photonics Rev., vol. 9, no. 4, 2015, https://doi.org/10.1002/Ipor
.201400462.

Y. Ke, J. Huang, W. Liu, Y. Kivshar, and C. Lee, “Topological inverse
band theory in waveguide quantum electrodynamics,” Phys. Rev.
Lett., vol. 131, no. 10, 2023, https://doi.org/10.1103/PhysRevLett.131
.103604.

Z.-G. Lu, G. Tian, X.-Y. L{, and C. Shang, “Topological quantum
batteries,” Phys. Rev. Lett., vol. 134, no. 18, p. 180401, 2025.
Z.Zhang, P. Delplace, and R. Fleury, “Superior robustness of
anomalous non-reciprocal topological edge states,” Nature,

vol. 598, no. 7880, pp. 293297, 2021.

C. Han, M. Lee, S. Callard, C. Seassal, and H. Jeon, “Lasing at
topological edge states in a photonic crystal L3 nanocavity dimer
array,” Light Sci. Appl., vol. 8, no. 1, p. 40, 2019.

D. Borges-Silva, C. H. O. Costa, and C. G. Bezerra, “Robust
topological edge states in C6 photonic crystals,” Photonics, vol. 10,
no. 9, p. 961, 2023.

Y. Yang et al., “Topologically protected edge states in time
photonic crystals with chiral symmetry,” ACS Photonics, vol. 12,

no. 5, pp. 2389—2396, 2025.

M. Bello, G. Platero, J. I. Cirac, and A. Gonzalez-Tudela,
“Unconventional quantum optics in topological waveguide QED,”
Sci. Adv., vol. 5, no. 7, 2019, https://doi.org/10.1126/sciadv.aaw0297.
P. 0. Guimond, H. Pichler, A. Rauschenbeutel, and P. Zoller, “Chiral
quantum optics with V-level atoms and coherent quantum
feedback,” Phys. Rev. A (Coll. Park), vol. 94, no. 3, 2016, https://doi
.0rg/10.1103/PhysRevA.94.033829.

H. Sen Zhong et al., “Quantum computational advantage using
photons,” Science, vol. 370, no. 6523, 2020, https://doi.org/10.1126/
science.abe8770.

F. Davoodi, “Beyond decoherence: control the collective quantum
dynamics of quasi particles in topological interface,” 2025, https://
doi.org/10.21203/rs.3.rs-6796190/v1.

D. N. Basov, R. D. Averitt, and D. Hsieh, “Towards properties on
demand in quantum materials,” Nat. Mater., vol. 16, no. 11, pp.
1077—-1088, 2017.

F. Davoodi, “Active physics-informed deep learning: surrogate
modeling for nonplanar wavefront excitation of topological
nanophotonic devices,” Nano Lett., vol. 25, no. 2, pp. 768 —775,
2025.

F. Davoodi and N. Talebi, “Unidirectional wave propagation in a
topological plasmonic ring resonator via a symmetry-broken
excitation scheme,” ACS Appl. Nano Mater., vol. 6, no. 22,

pp. 20823 —20830, 2023.

D. Dzsotjan, B. Rousseaux, H. R. Jauslin, G. C. Des Francs, C.
Couteau, and S. Guérin, “Mode-selective quantization and
multimodal effective models for spherically layered systems,”
Phys. Rev. A (Coll. Park), vol. 94, no. 2, 2016, https://doi.org/10.1103/
PhysRevA.94.023818.

H. Zheng, D. J. Gauthier, and H. U. Baranger, “Waveguide QED:
many-body bound-state effects in coherent and Fock-state
scattering from a two-level system,” Phys. Rev. A, vol. 82, no. 6,
2010, https://doi.org/10.1103/PhysRevA.82.063816.

[29] ). Sirker, M. Maiti, N. P. Konstantinidis, and N. SedImayr, “Boundary

fidelity and entanglement in the symmetry protected topological
phase of the SSH model,” J. Stat. Mech. Theor. Exp., vol. 2014, no. 10,
2014, https://doi.org/10.1088/1742-5468/2014/10/P10032.

[30]

31

32]

[33]

(34]

[33]

[36]

DE GRUYTER

Z.Wang, Y. Chong, J. D. Joannopoulos, and M. Soljaci¢,
“Observation of unidirectional backscattering-immune topological
electromagnetic states,” Nature, vol. 461, no. 7265, 2009, https://
doi.org/10.1038/nature08293.

Y.-W. Lu, J.-F. Liu, R. Liu, and H.-X. Jiang, “Enhanced quantum
coherence of plasmonic resonances with a chiral exceptional
points,” Commun. Phys.,vol. 7, no. 1, p. 166, 2024.

P. Lodahl et al., “Chiral quantum optics,” Nature, vol. 541, no. 7638,
pp. 473480, 2017.

C. W. Gardiner and P. Zoller, Quantum Noise: A Handbook of
Markovian and Non-Markovian Quantum Stochastic Methods with
Applications to Quantum Optics, 3rd ed. Berlin, Springer, 2004.
S.John and J. Wang, “Quantum electrodynamics near a photonic
band gap: photon bound states and dressed atoms,” Phys. Rev.
Lett., vol. 64, no. 20, 1990, https://doi.org/10.1103/PhysRevLett.64
.2418.

A. G. Kofman, G. Kurizki, and B. Sherman, “Spontaneous and
induced atomic decay in photonic band structures,” J. Mod. Opt.,
vol. 41, no. 2, 1994, https://doi.org/10.1080/09500349414550381.
S. Barik et al., “A topological quantum optics interface,” Science,
vol. 359, no. 6376, 2018, https://doi.org/10.1126/science.aaq0327.

[37] J. T.Shen and S. Fan, “Coherent photon transport from

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

spontaneous emission in one-dimensional waveguides,” Opt. Lett.,
vol. 30, no. 15, p. 2001, 2005.

H.-P. Breuer and F. Petruccione, The Theory of Open Quantum
Systems, Oxford, Oxford University Press, 2007.

L. Amico, R. Fazio, A. Osterloh, and V. Vedral, “Entanglement in
many-body systems,” Rev. Mod. Phys., vol. 80, no. 2, 2008, https://
doi.org/10.1103/RevModPhys.80.517.

G. Calajé, F. Ciccarello, D. Chang, and P. Rabl, “Atom-field dressed
states in slow-light waveguide QED,” Phys. Rev. A (Coll. Park),

vol. 93, no. 3, 2016, https://doi.org/10.1103/PhysRevA.93.033833.
B. Luk’Yanchuk et al., “The Fano resonance in plasmonic
nanostructures and metamaterials,” Nat. Mater., vol. 9, no. 9, 2010,
https://doi.org/10.1038/nmat2810.

D. C. Marinica, A. K. Kazansky, P. Nordlander, J. Aizpurua, and A. G.
Borisov, “Quantum plasmonics: nonlinear effects in the field
enhancement of a plasmonic nanoparticle dimer,” Nano Lett.,

vol. 12, no. 3, 2012, https://doi.org/10.1021/nl300269c.

C. Ciraci and F. Della Sala, “Quantum hydrodynamic theory for
plasmonics: impact of the electron density tail,” Phys. Rev. B,

vol. 93, no. 20, 2016, https://doi.org/10.1103/PhysRevB.93.205405.
P. Lodahl, S. Mahmoodian, and S. Stobbe, “Interfacing single
photons and single quantum dots with photonic nanostructures,”
Rev. Mod. Phys., vol. 87, no. 2, pp. 347—400, 2015.

W. Yan, M. Wubs, and N. Asger Mortensen, “Projected dipole
model for quantum plasmonics,” Phys. Rev. Lett., vol. 115, no. 3,
2015, https://doi.org/10.1103/PhysRevLett.115.137403.

A. E. Siegman, “Excess spontaneous emission in non-Hermitian
optical systems. I. Laser amplifiers,” Phys. Rev. A (Coll. Park), vol. 39,
no. 3, 1989, https://doi.org/10.1103/PhysRevA.39.1253.

N. Carlon Zambon et al., “Optically controlling the emission
chirality of microlasers,” Nat. Photonics, vol. 13, no. 4, 2019, https://
doi.org/10.1038/541566-019-0380-z.

A. Hotte-Kilburn and P. Bianucci, “Implementation of the SSH
model in an optical ring resonator,” J. Opt., vol. 26, no. 6,

p. 065006, 2024.

F. Davoodi and N. Talebi, “Plasmon-exciton interactions in
nanometer-thick Gold-WSe2 multilayer structures: implications for


https://doi.org/10.1002/lpor.201400462
https://doi.org/10.1002/lpor.201400462
https://doi.org/10.1103/PhysRevLett.131.103604
https://doi.org/10.1103/PhysRevLett.131.103604
https://doi.org/10.1126/sciadv.aaw0297
https://doi.org/10.1103/PhysRevA.94.033829
https://doi.org/10.1103/PhysRevA.94.033829
https://doi.org/10.1126/science.abe8770
https://doi.org/10.1126/science.abe8770
https://doi.org/10.21203/rs.3.rs-6796190/v1
https://doi.org/10.21203/rs.3.rs-6796190/v1
https://doi.org/10.1103/PhysRevA.94.023818
https://doi.org/10.1103/PhysRevA.94.023818
https://doi.org/10.1103/PhysRevA.82.063816
https://doi.org/10.1088/1742-5468/2014/10/P10032
https://doi.org/10.1038/nature08293
https://doi.org/10.1038/nature08293
https://doi.org/10.1103/PhysRevLett.64.2418
https://doi.org/10.1103/PhysRevLett.64.2418
https://doi.org/10.1080/09500349414550381
https://doi.org/10.1126/science.aaq0327
https://doi.org/10.1103/RevModPhys.80.517
https://doi.org/10.1103/RevModPhys.80.517
https://doi.org/10.1103/PhysRevA.93.033833
https://doi.org/10.1038/nmat2810
https://doi.org/10.1021/nl300269c
https://doi.org/10.1103/PhysRevB.93.205405
https://doi.org/10.1103/PhysRevLett.115.137403
https://doi.org/10.1103/PhysRevA.39.1253
https://doi.org/10.1038/s41566-019-0380-z
https://doi.org/10.1038/s41566-019-0380-z

DE GRUYTER

[50]

[51]

[52]

[53]

[54]

photodetectors, sensors, and light-emitting devices,” ACS Appl.
Nano Mater., vol. 4, no. 6, pp. 6067 —6074, 2021.

W. Liu et al., “Generation of helical topological exciton-polaritons,”
Science, vol. 370, no. 6516, 2020, https://doi.org/10.1126/SCIENCE
.ABC4975.

T. Dion et al., “Ultrastrong magnon-magnon coupling and chiral
spin-texture control in a dipolar 3D multilayered artificial
spin-vortex ice,” Nat. Commun., vol. 15, no. 1, p. 4077, 2024.

F. Davoodi, M. Taleb, F. K. Diekmann, T. Coenen, K. Rossnagel, and
N. Talebi, “Tailoring the band structure of plexcitonic crystals by
strong coupling,” ACS Photonics, vol. 9, no. 7, pp. 2473 —2482,
2022.

F. Davoodi and N. Granpayeh, “Near-infrared absorbers based on
the heterostructures of two-dimensional materials,” Appl. Opt.,
vol. 57, no. 6, p. 1358, 2018.

F. Davoodi and N. Granpayeh, “Nonlinear graphene-transition
metal dichalcogenides heterostructure refractive index sensor,”
IEEE Sens. J., vol. 19, no. 12, pp. 4435—4442, 2019.

[55]

[56]

[57]

[58]

F. Davoodi: Chiral coherent dynamics in topological photonic rings = 4409

X. Liu et al., “Strong light-matter coupling in two-dimensional
atomic crystals,” Nat. Photonics, vol. 9, no. 1, 2014, https://doi.org/
10.1038/nphoton.2014.304.

F. Davoodi and N. Granpayeh, “Finite-difference time-domain
modeling of monolayer graphene devices at near-infrared
wavelengths,” J. Nanophotonics, vol. 11, no. 4, p. 1, 2017.

F. Davoodi, “From bound states to quantum spin models: chiral
coherent dynamics in topological photonic rings,” arXiv.
Submitted on 2025-07-15, https://doi.org/10.48550/arXiv.2507
11271 [Accessed: Jul. 17, 2025].

F. Davoodi, “From bound states to quantum spin models: chiral
coherent dynamics in topological photonic rings,” Submitted on
2025-09-11, https://doi.org/10.21203/rs.3.rs-7373395/v1.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/nanoph-2025-0473).


https://doi.org/10.1126/SCIENCE.ABC4975
https://doi.org/10.1126/SCIENCE.ABC4975
https://doi.org/10.1038/nphoton.2014.304
https://doi.org/10.1038/nphoton.2014.304
https://doi.org/10.48550/arXiv.2507.11271
https://doi.org/10.48550/arXiv.2507.11271
https://doi.org/10.21203/rs.3.rs-7373395/v1
https://doi.org/10.1515/nanoph-2025-0473

	1 Introduction
	2  SSH bath Hamiltonian intnqxa0;a ring geometry
	3  Quantum emitters andtnqxa0;interaction withtnqxa0;the bath
	4  Photonic bound states andtnqxa0;chirality
	5  Emittertnqx2013;emitter interactions andtnqxa0;directionality
	6 Many-emitter effective spin model
	7 Conclusions
	8 Methods
	8.1 Analytical calculations
	8.2 Surrogate active physics-informed deep learning
	8.3 Numerical simulations



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


