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The exploration of novel chiral optical platforms holds both fundamental and practical importances, which have shown
great promise towards applications in valleytronics, chiral sensing and nanoscopic chiroptics. In this work, we combine
two key concepts — chiral bound states in the continuum and exciton polaritons — to showcase a strong chiral response
from polaritons. Using the finite element method, we numerically design a CsPbBr3 based metasurface that supports
intrinsically chiral bound states in the continuum and verify the chirality by calculating the reflection spectrum and eigen-
polarization mapping. We further demonstrate chirality-dependent exciton polariton angular dispersion arising from the
strong coupling between the chiral BIC and excitons in CsPbBr3 by simulating the polariton angle-resolved absorption
spectrum. Reciprocity analysis reveals that the polariton photoluminescence in different momentum space locations is
selectively enhanced by chiral pumping light. Our results suggest a promising first step towards chiral polaritonics.

Keywords: bound states in the continuum, chirality, metasurface, perovskite microcavities, exciton polariton
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1. Introduction

Chirality refers to the property that an object cannot be
brought to coincide with its mirror image by translation and
rotation operations.'!! In the field of chiral optics, the left cir-
cularly polarized (LCP) and right circularly polarized (RCP)
states of light are mirror images of each other, carrying pho-
ton spin angular momenta of +# and —7, respectively, and
interact differently with chiral particles or structures. Chi-
ral light has found wide applications ranging from topologi-
cal photonics,?! quantum computing,?! valleytronics!*! to bi-
ological sensingl! and chemical synthesis.!®! Therefore, one
of the major challenges in contemporary optics is to realize
chiral light sources with high degree of polarization on ultra-
compact, integrable nanostructures.!”! Many approaches have
been attempted for this purpose. Some molecules possess nat-
ural chirality, but the interaction between these molecules and
chiral light is often very weak, limiting their use in practical

1891 and exter-

applications.[!! Methods such as spin injection
nal electromagnetic field control!'?! are also frequently used
to generate chiral light and have made solid progress in re-
cent years. With the development of micro-nano material pro-
cessing, the fabrication of metal and dielectric chiral micro-
cavities has become possible and is now receiving increasing
attention. Highly pure chiral response and chiral lasing from

optical metasurfaces have been achieved through polarization
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conversion!!"'?! and Pancharatnam—Berry phase engineering,

13.141 However, those ex-

introduced by spin—orbit coupling.!
isting strategies still face issues such as low energy conversion
efficiency, low quality factor (Q factor), and chirality appear-
ing only at specific large angles.

In the past decade, the concept of “bound states in the
continuum” (BIC) has become a prominent presence in the op-
tics community.[!> These photonic modes have energies lying
in the allowed bands, but their electromagnetic fields are com-
pletely confined within the resonant structure, unable to ra-
diate energy outward or be excited by electromagnetic waves
from free space, thus exhibiting ultralong photon lifetimes and
diverging Q values. By varying structural parameters, BIC
can be transformed into quasi-BIC (gBIC) with a very high
but finite Q value that enables coupling to free space radia-
tion, which is essential for device applications. The unique
characteristics of BIC and gBIC have been explored to realize
many interesting phenomena such as unidirectional waveguide
resonances, ' vortex beam generation,!!”! optical spin Hall

18] enhancing the Goos—Hinchen shift,['”) suppress-

effects,
ing radiation loss in metal—dielectric systems,!?°! and high har-
monic generation./?!! After the first observation of BIC in pho-
tonic structures, a series of studies have indicated that BIC
can be regarded as a topological singularity in momentum

space with an integer topological charge;?>) when the in-plane
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symmetry is broken, a BIC splits into two (or more) qBICs
with half-integer charges, which appear as circular polariza-
tion states that only couple with one circular polarization (thus
also called C points or chiral BIC), opening up the possibil-
ity of using BIC in chiral optical devices./?>>3] Furthermore,
recent studies have shown that by breaking the out-of-plane
mirror symmetry, the position of chiral BIC in momentum
space can be manipulated to simultaneously control the po-
larization texture, emission angle and Q value, making BIC an
attractive platform for chiral optics research.?%271 Tt should be
mentioned that BIC can be levered to manipulate not only the
spin angular momentum (polarization) but the orbital angular
momentum. (28]

On the other hand, the strongly localized electric field
and long photon lifetime provided by BIC can significantly
enhance light-matter interaction, without using bulky vertical
microcavities. Therefore, there has been extensive research
effort in coupling BIC with material excitations. In the weak
coupling regime, the small mode volume of the BIC light field
guarantees a larger Purcell factor, thereby enhancing the lumi-

301 in two-

nescence of excitons!®! or single-photon sources!
dimensional materials. In the strong coupling regime, coher-
ent energy exchange between excitons in semiconductor ma-
terials and photons leads to the formation of a new kind of
quasi-particle — exciton polaritons. Thanks to the bosonic
nature and half light, half matter properties, exciton polaritons
serve as an excellent platform for realizing room-temperature
Bose-Einstein condensation, ultrafast optical switches, all-
optical quantum simulation, and other novel phenomena and
applications.*!l Due to its ultralong photon lifetime and ex-
treme field confinement, BIC is naturally advantageous for
achieving strong coupling, and it is expected that BIC in pe-
riodic structures holds great potentials for exciton polariton
research. Numerical simulations and experimental studies
have observed strong coupling between one-dimensional BIC
gratings and perovskites, as well as two-dimensional transi-
tion metal dichalcogenides (TMDs), and in these cases the
Rabi splitting can be significantly larger than previous results
from planar microcavities or photonic crystal cavities.[?2-34]
In 2022, V. Ardizzone et al. first observed the condensation
of exciton polaritons on a BIC ground state in a GaAs multi-
layer quantum well structure at low temperatures, > and sub-
sequently, other research groups also reported BIC polariton
condensation at room temperature based on two-dimensional
silicon and perovskite metasurfaces.!*3”] However, strong
coupling between chiral BIC and excitons has not yet been
fully explored, where the pure chirality and high Q factor of
chiral BIC could be imparted to the photoluminescence (PL)
of exciton polaritons, enabling chiral control of exciton polari-
tons. This system could be a promising candidate for a chiral
laser that combines room temperature operation, low thresh-

old, vertical emission, high Q factor, and pure circularly po-
larized light.

Among various polaritonic materials, lead-halide per-
ovskites stand out due to their stable excitons at room tempera-
ture, high optical gain, strong oscillator strength, tunable band

31381 1 this work,

structure, and mature growth techniques.|
we use finite element method (FEM) numerical simulations
to design an inorganic CsPbBr3 perovskite metasurface that
supports an intrinsic chiral BIC. Through calculation of the
photonic band structure and eigenpolarization mapping, the
evolution of chiral BIC is illustrated in detail and strong in-
trinsic chirality (|S3/Sp > 0.99]) and a Q factor of over 20000
are simultaneously demonstrated. Contribution of the toroidal
dipole resonance is identified in the multipole analysis. Strong
coupling between chiral BIC and perovskite excitons is re-
vealed in angle and polarization-resolved reflection and ab-
sorption spectra, observing a Rabi splitting of over 100 meV
and distinct exciton polariton chiral response. Simulated PL
spectrum also shows intrinsic chiral emission enhancement,
which implies potential chirality-dependent condensation and
propagation behavior.

2. Design and characterization of the chiral BIC

The geometry of our metasurface design is shown in
Fig. 1. The inorganic perovskite CsPbBr; is formed into a
square lattice with period a = 325 nm. The perovskite is
grown on a 1 um SiO,/Si substrate, and a layer of 400 nm
thick poly(methyl methacrylate) (PMMA) is coated on top for
both protection and refractive index matching with Si0,.[34
The unit cell is based on a cylindrical hole with height H =
120 nm and radius R = 80 nm (Fig. 1(b)), along with two ge-
ometric perturbations: a rectangular slot having dimensions
W = 60 nm, L = 70 nm and protruding at 135° angle with x
axis (Fig. 1(c)), and a tilting angle 6 = 18° towards the 45° di-
rection in xy plane (Fig. 1(d)). For brevity, we will rename the
45° and 135° directions x’ and y’ axes, respectively, as labeled
in Fig. 1(c).

In general, there are two kinds of loss mechanisms in such
a photonic structure: radiation loss, by which energy leaks out
into free space at a rate 7, and material loss, by which energy
is absorbed by the material itself at a rate %. The former hap-
pens in the case of leaky resonances, which can be solved as
eigenmodes of a Hamiltonian with a real dielectric function
€(w) under semi-infinite boundaries, while the latter origi-
nates from the interaction of material excitations with light and
is described by the imaginary part of €(®). As the distinction
between BIC and gBIC lies in whether ¥ vanishes, we apply
a two-step strategy in our design. In the first step treated in
this section, only the radiation loss is considered and we re-
place the dielectric function of CsPbBr3 with its off-resonance
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real value®! ¢ = n?> = 2.25%. We assume here that the per-
ovskite is grown with in-plane a and b crystallographic axes
so that the refractive index is isotropic and contributes negligi-
bly to symmetry breaking.**! In the second step treated in the
next section, we will include the exciton resonance into £(®).
The commercial softwares COMSOL Multiphysics and Ansys
Lumerical are employed for numerical simulations, using the
finite element method to solve Maxwell’s equations and ob-
tain the system’s eigenmodes and spectral features. In COM-
SOL Multiphysics, the “Electromagnetic Waves, Frequency
Domain” interface from the RF module is used to solve for the
eigenmodes and reflection spectra. In Ansys Lumerical, we
use the finite-difference time-domain (FDTD) suite to calcu-
late the angle-resolved spectra. The simulation domain is de-
fined as a unit cell with Bloch boundary conditions applied in
the x and y directions, and sufficiently thick perfectly matched
layers (PML) are added in the z direction to simulate semi-
infinite space. The mesh in the active region is set to have a
resolution of approximately 10 nm to ensure accurate simu-
lation of high Q resonances. Spectral responses are computed
under plane wave incidence (port boundary condition in COM-
SOL) and angle-resolved spectra are obtained by varying the
incident angles. The incident light source is positioned 1 wm
above the structure; for the visible wavelengths considered,
this distance is sufficient to avoid the influence of near-field
effects.

(a)

Our analysis starts with the leaky modes in the unper-
turbed structure of Fig. 1(b). The angle-resolved reflection
spectrum along x is shown in Fig. 2(a), where four optical
modes can be identified within the energy range of interest,
labeled as modes 1, 2, 3, and 4 from the highest to lowest
energy. The broad resonances near 2.2 eV are far from the
energy of interest (exciton energy in CsPbBr3, which is about
2.4 eV) and do not significantly affect the subsequent results.
Modes 1 and 4 have linewidths decreasing to O at the I point,
where they become BIC dark states that cannot be excited by
incident light. The bright modes 2 and 3 are degenerate at I,
while the BICs 1 and 4 are non-degenerate, which agree with
the symmetry characteristics of BICs. The quality factors of
both BICs diverge at the I point, as shown in Fig. 2(b), sat-
isfying the general scaling relation Q o< |k,|~2. An important
difference between the BIC modes 1 and 4 is that the energy-
momentum dispersion is parabola-like for mode 1 while in-
verted parabola-like for mode 4 (Fig. 2(a)). In a square lattice,
the dispersion along y is the same as that along x. Conse-
quently, only mode 1 can be occupied by lower branch exciton
polaritons in the strong coupling regime, so we focus on the
properties of this mode. Its electric and magnetic field in xy
plane is plotted in Fig. 2(c). Mode 1 has a C; symmetry with
field hotspots at the unit cell corners, thus it will be more sen-
sitive to perturbations installed along x’' and y’ directions, as
we do in Figs. 1(c) and 1(d).
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Fig. 1. Illustration of our design and evolution of eigenpolarization maps. (a) Schematic of the designed CsPbBr3 metasurface. Starting from
a square array of circular holes (b), a rectangular protrusion is added to the hole (c), and the whole structure is tilted along the 45° direction
in xy plane (d). Eigen-polarization maps in momentum space of the corresponding geometry are displayed in the bottom row.
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Fig. 2. BIC mode in the unperturbed metasurface. (a) Angle-resolved reflection spectrum of the unperturbed metasurface. Four photonic modes
are labeled with decreasing energy. (b) Electric and magnetic field distribution of mode 1 at 0°. (c) Q factors of the four modes in (a).
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Fig. 3. Intrinsic chiral response of the chiral BIC and its evolution with various parameters. (a) Reflection spectrum at normal incidence, tilting
angle 6 = 18°. (b) Evolution of S3/Sy with angle 6 and thickness H. Solid lines are fitting to Eq. (1) in the text. (c) Q factor and S3/Sy

distribution along x’ direction.

As reported in the literature, breaking both in-plane C§
and out-of-plane M, symmetries leads to generation of intrin-
sic chirality when one of the chiral BIC points in reciprocal
space is formed at I" point. When this happens, the two cir-
cular polarization eigenstates are nondegenerate in both en-
ergy and momentum, and strong chirality can be accessed
at normal incidence. In our design, the optimal perturba-
tion parameters are found to be W = 60 nm, L = 70 nm, and
6 = 18°. Evolution of the eigen-polarization map of mode 1
when the perturbations are added is shown in the bottom pan-
els of Figs. 1(b)-1(d). The BIC singularity at I" splits into two
chiral BICs along x’ when the rectangular slot is introduced,
and the RCP point further moves to I'" point when the hole is
tilted. The reflection spectrum at normal incidence shown in
Fig. 3(a) features a sharp peak appearing near 2.375 eV for
RCP, with the reflectivity peak value approaching 1 with a
full width at half maximum of less than 0.2 meV. By com-
parison, the resonant response for LCP is very weak, show-
ing a distinguished chiral response. Calculations for different
geometries reveal that the intrinsic chirality produced by this
strategy is related to the thickness of the metasurface. Fig-
ure 3(b) plots the magnitude of normalized Stokes parameter
S3/S0 = (Ircp — ILcp)/(Ircp + Icp) at I' with different tilt-
ing angle 0 and thickness H, with other geometric parameters
unchanged. At the current thickness H = 120 nm, S3/Sy can
reach a maximum value of 1 at 6 = 18°. As H is gradually
increased to 220 nm, the maximum of S3/Sy decreases and
can no longer reach unity, and its variation also happens at

smaller 6, which indicates an increased sensitivity with tilt-
ing angle when the structure grows higher. Figure 3(c) plots
the change of Q value and S3 /Sy against the in-plane momen-
tum k. along x’. The strongest chirality S3/Sp > 0.99 and a
high Q value of 19180 are achieved simultaneously at I" for
RCP while the LCP eigenstate at kya/27w ~ —0.02 shows a
much lower Q = 5000, as the Q factor of gBIC is inversely pro-
portional to the weighted sum of squares of each perturbation
(fitted blue broken line in Fig. 3(c)): Q = 1/(|a|> + Blky|?),
where « represents the perturbation from rectangular hole and
tilting and B is a measure of relative sensitivity between dif-
ferent perturbations.

Multipole expansion is a technique frequently used to an-
alyze localized electromagnetic fields. In this approach, the in-
duced polarization field P(r) and scattering cross section G,
are decomposed into contributions from multipole moments,
with the advantage of approximating fields in complex geom-
etry by familiar low-order moments. Under RCP luminance,
the chiral BIC scattering efficiency, defined as Oy, /(a?), is
decomposed to the third order, as shown in Fig. 4(a). The res-
onance is clearly governed by the toroidal dipole (TD), whose
scattering efficiency is an order of magnitude higher than the
rest multipoles. In a typical TD resonance, the electric field
circles radially across the torus surface, and the magnetic field
circulates along the equator. The electric field in the y'z plane
and magnetic field in the xy plane at resonant energy are shown
in Fig. 4(b). Electric currents flow in a circular pattern between
the hot spots, and the magnetic field forms vortices around unit
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cell corners, which is characteristic of the TD resonance. In
previous works, chiral BIC was mostly produced by the inter-
action of multiple electric dipoles (ED) within a unit cell?+?7]
or by the interaction of electric and magnetic dipoles (MD), 6]
relying on the degree of circular polarization (DCP), under the
dipole approximation, being proportional to the in-plane over-
lap of dipole moments; now we have demonstrated that higher-
order moments, in particular the TD moment, can also underly
a chiral BIC. Multipole theory states that a TD produces sim-
ilar far-field patterns as an ED,[*°] thus we can use the same

expression derived under dipole approximation for the DCP or
S§5:1261

sin @

‘SS/S()'KW’ (1)
where f3 is a fitting parameter describing the dependence of Q
factor on 8. Equation (1) is used to fit the curves in Fig. 3(b);
this expression holds true despite the electric octupole (EO)
being on the same order as MD in Fig. 4(a). It is worth men-
tioning that recently giant chiral response empowered by TD
resonances has also been reported in other structures,*!! im-
plying further applications of the TD in chiral optics.

(a) 106
> |
: |
=}
2
O 104
£ h
< \
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Fig. 4. Multipole analysis of the chiral BIC. (a) Multipole expan-
sion of scattering efficiency at the chiral BIC resonance. ED, electric
dipole; MD, magnetic dipole; EQ, electric quadrupole; MQ, magnetic
quadrupole; EO, electric octupole; TD, toroidal dipole. Inset is the same
plot in linear scale. (b) X'z plane cut of the electric field distribution.
(c) xy plane cut of the magnetic field distribution.

3. Intrinsic chiral BIC exciton polaritons

In this section, we incorporate the exciton contribution
into the CsPbBr3 refractive index by using measured val-
ues from the literature.3) CsPbBr3 belongs to the family of

lead halide perovskites, which are direct bandgap semiconduc-
tors with bandgaps that can be tuned by adjusting the chem-
ical composition. They possess high optical gain, large os-
cillator strength, and considerable flexibility in growth tech-
niques. As a result, there has been an ongoing perovskite
fever in the field of optoelectronics and especially, lead halide
perovskites provide an excellent platform for exciton polari-
ton research. 3138421 The Wannier-Mott exciton binding en-
ergy in CsPbBr3 is 40 meV, 8] allowing excitons to exist sta-
bly at room temperature, opening up possibilities for room-
temperature devices.

Here we calculate the angle-resolved absorption spectrum
of the CsPbBrj chiral BIC metasurface under circularly polar-
ized light. As the structure no longer possesses C; symmetry,
spectra resolved along x” and y’ directions are respectively cal-
culated, as shown in Fig. 5. The exciton energy in CsPbBr; is
Ex = 2.407 eV (shown as the white broken line in Fig. 5).
Above this energy there is strong absorption, thus only the
lower polariton branch (LPB) can be clearly seen. We use
the coupled oscillator model to fit the strong coupling between
photons and excitons:

EP(kH) 8 >7 )

Hy = Eypg ups ¥, Where H = ( ¢ Ex

where k|| is the in-plane wavevector, Ep (k) is the photon dis-
persion given in the passive calculations, and g is the coupling
strength. The solution of Eq. (2) gives the polariton dispersion
relations

Erpgups (k) = ! ( oK)+ Ex (k)

j:\/ o (ki)

In our calculations, the detuning is A(0) = Ep(0) —
Ex(0) = —36 meV and the Rabi splitting is |2g| = 103.1 meV.
As shown in Figs. 5(a) and 5(b), along x direction at the an-

—Ex(ky))> +4gl*). )

gles around —2° RCP becomes a dark state with a linewidth
reducing to zero, corresponding to a LCP chiral eigenstate,
and LCP at around 0.5°, indicating that the chirality is pre-
served in the dispersion of exciton polaritons. The intrinsic
chiral BIC of RCP does not seem to be centered at 0°, because
the eigenpolarization distribution is not centrosymmetric with
respect to I'(Figs. 1(d) and 3(c)); stronger RCP chirality is
maintained along the k, > O direction. Nevertheless, chiral-
ity at the I point can still be observed in the LPB, as shown
in Fig. 5(c). Here, the degree of circular polarization (DCP)
is defined as DCP = (ALcp — Arcp)/(ALcp + Arcp), Where
ALr)cp = 1 = T (r)cp — RL(r)cp is the absorption under LCP
(RCP) calculated from the transmittance and reflectivity. The
ky < 0 and k, > O regions of LPB exhibit distinct chiral re-
sponses over a large angular range, and at 0° incidence a sharp
DCP peak appears near 2.29 eV with a peak width of only
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0.4 meV, corresponding to Q = 7434, which clearly demon-
strates the intrinsic chirality of exciton polaritons. For compar-
ison, the other DCP peak at lower energy shows weaker chiral-
ity and broader linewidth, which originates from the non-BIC
mode 2 (see Fig. 2(a)).

Figures 5(d) and 5(e) show the corresponding absorption
spectrum resolved along y' direction. The effective mass of
photons in the y' direction is slightly smaller than that in the x’
direction (m;ff /met = 0.87), other than which there is no sig-
nificant difference in the energy-momentum dispersion of the
LPB. However, its coupling with circularly polarized light is
drastically different. According to the eigen-polarization map-
ping in Fig. 1(d), the eigenstate quickly becomes linearly po-

(a) Absorption(RCP) (b)

Absorption(LCP) (c)

larized when moving away from the I" point along y’, which
couples equally to LCP and RCP, so the chiral signal of the
RCP eigenstate should only appear in a small angular region
near the I" point. In Figs. 5(d) and 5(e), the LPB under RCP
has a reduced (but not zero) linewidth at 0°, behaving as a
quasi-BIC, while LCP shows a complete BIC dark state at
0°. The region near ky = 0, indicated by the black arrow in
Fig. 5(f), with an angular width of approximately 2°, exhibits
nonnegligible DCP which corresponds to the RCP chiral BIC,
while the chirality is weaker at other angles on this branch.
This result of intrinsic chirality breaks the degeneracy between

LCP and RCP in both energy and momentum spaces.

2.45

Energy (eV)

——0° incidence

—-0.3
2.2 72

3 2.4 2.5

Angle (°)
DCP

Energy (eV)

Angle (°)

Angle (°)

Angle (°)

Fig. 5. Angle-resolved spectra of chiral BIC exciton polaritons. (a) and (b) Angle-resolved absorption spectra along x’ axis under RCP
and LCP incidence. White dashed lines are fits to the coupled oscillator model. (c) DCP along x” axis calculated from the absorption
spectrum. Inset shows the line cut at the normal incidence. (d) and (e) Angle-resolved absorption spectra along y' axis. (f) DCP along

y' axis calculated from the absorption spectrum.

To study the photoluminescence (PL) of the exciton po-
lariton in the linear region, we can invoke the reciprocity prin-
ciple in electrodynamics.*3! With this tool, we can estimate
how the PL intensity is boosted by evaluating the integra-
tion of electric field strength in the active region. Reciprocity
states that any two harmonic current sources jj 2(7) and the
electric fields E;2(7) produced by them must satisfy the re-
lation [j;- E,dV = [7>- E;dV. If we take subscript 1 as
the incident light field and model the PL as emission from
randomly placed dipole sources j» = —i@Y,,Pm0 (T — ),
then the emitted field E; can be simply evaluated by integrat-
ing E; inside the perovskite region,**! and an enhancement
factor F' can be defined against the incident plane wave am-
plitude Ei,c as F = [|E;(r)|dV/[EindV. On this basis, we
calculate the angle-resolved PL enhancement factor along the

x' and y' directions under LCP or RCP incidence, as shown
in Figs. 6(a)-6(f). Along x/, left and right circularly polarized
light can provide an enhancement of 80 to 100 times at certain
angles, respectively, and has DCP (calculated from emission)
as high as 95% at the chiral BIC points. Note that the large
DCP broadening in Figs. 6(c) and 6(f) does not represent the
actual linewidth of the polariton emission; DCP is independent
of the absolute intensity of PL. Along the y" direction, chiral
PL enhancement only occurs at the I" point, as indicated by
the arrow in Fig. 6(f). The highest gain does not happen at I
where the Q factor is the largest, but rather at a slightly higher
energy with nonzero momentum. It has been shown!*3! that
when both radiative and non-radiative decay channels % and
Yar €xist, the largest gain occurs at the so-called critical cou-
pling point, satisfying % = ¥,,. Although the LPB bottom is
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some distance away from the absorption edge of CsPbBr3 ex-
citon, previous calculations have shown that there is a uniform
polarization-independent background absorption of about 0.1
in this range, therefore the chiral BIC state which has quite
a long radiative lifetime does not satisfy the critical coupling
criterion. Moving away from I, the Q factor decreases, ¥
increases until it equals the absorption-induced ¥, at which
point the gain is maximized, at an angle of approximately

+5°. Further increasing the angle will again go away from
the critical coupling point and result in decreased gain. Taking
into consideration that a polariton condensate will occur at the
point of maximum gain, ¥ this result may suggest that con-
densation on a finite momentum state will occur in this chiral
BIC system. Such a condensate will have the advantages of

both chirality-tunability and ultrafast propagation.

(a) Enhancement(LCP) (b) Enhancement(RCP) (c) DCP of Enhancement
20 40 60 80 20 60 100 2.45 -1 0 1
g\ 2.40
L
2 2.35
—
] -
& 230 M /
2.25
—10 ) 0 5 10 —-10 -5 0 5 10 —10 ) 0 5 10
Angle (°) > Angle (°) Angle (°)
(d) Enhancement(LCP) (e) Enhancement(RCP) (f) DCP of Enhancement
2.45 20 40 60 2.45 20 40 60 2.45 —0.6 0 0.6
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Fig. 6. Photoluminescence enhancement by the chiral BIC. (a) and (b) PL enhancement under LCP and RCP resolved along " axis,
calculated using the reciprocal relation. (c) DCP of PL enhancement along x’ axis. (d) and (e) PL enhancement of LCP and RCP

resolved along y' axis. (f) DCP of PL enhancement along y' axis.

4. Conclusion and perspectives

The pursuit of novel chiral light sources holds great sig-
nificance for both fundamental physics and device applica-
tions. In this work, we propose a scheme to generate pure,
directional and high Q chiral light from exciton polaritons, us-
ing the physics of bound states in the continuum. We numeri-
cally designed a two-dimensional perovskite metasurface sup-
porting a chiral BIC. The true BIC is transformed into a chi-
ral BIC by implementing in-plane and out-of-plane geometric
perturbations that disrupt the symmetry between the two cir-
cular polarizations. By optimizing parameters such as incli-
nation angle and height, a high Q factor exceeding 20000 and
intrinsic chirality |S3/Sp| > 0.99 are simultaneously achieved
at normal incidence. Furthermore, calculations extended to
the third-order multipole decomposition revealed that the chi-
ral BIC primarily originates from the resonant toroidal dipole
moment, transcending the conventional dipole approximation.
Through calculation of angle-resolved absorption spectrum
with exciton contribution to the refractive index of CsPbBr3

included, we confirmed strong coupling between excitons and

photons with a Rabi splitting of 103.1 meV and clarified the
intrinsic chiral response of the exciton polaritons. Applying
the principle of reciprocity, we simulated the linear PL of the
perovskite metasurface, showcasing the strongly polarization-
dependent enhancement of exciton polariton emission by the
chiral BIC. The emitted light at specific angles exhibited a
DCP of 0.95, and the intrinsic RCP emission enhancement at
I' also achieved a DCP higher than 0.6.

Experimentally, this structure could be fabricated us-
ing slanted etching setups similar to those described in
literature,[?%%71 followed by thickness-controlled growth of
perovskite.*! The resolution on the order of 10 nm required
for this task is challenging but worth further research. Our de-
sign provides a practical path to exciton polariton based chiral
optics and has potential applications in high-purity chiral light
sources and polarization-resolved ultrafast optical switches.
From the perspective of fundamental physics, the condensa-
tion dynamics of polaritons with different chirality is also
waiting for further exploration. Thus, our results hold great

significance for chiral optics and light-matter interactions.
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