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Fig. S1 Transmission electron microscopy (TEM) and atomic force microscopy (AFM)
characterization. (a) TEM image of CsPbBr3 nanoplatelets (NPLs). (b) TEM image of CsPbBrs
nanocrystals (NCs). (c) AFM topography map. (d) Corresponding surface line profiles.

Morphology

Transmission electron microscopy (TEM) imaging was performed using an FEI Tecnai
G2 T20 X-Twin microscope (FEI Company) operated at an accelerating voltage of
200 kV. The samples were deposited onto carbon-coated copper grids and left to dry
in ambient conditions before being placed in the microscope chamber. Imaging was
carried out at various magnifications depending on the particle size. WITec Atomic
Force Microscope was employed for AFM characterisation.

From both types of analysis the thickness of CsPbBrg NPLs is evaluated to be 1.93
+ 0.38 nm.



Optical properties
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Fig. S2 Optical properties of CsPbBr3 nanostructures. a, Absorption (solid) and photolu-
minescence (PL) (dashed) spectra of CsPbBr3 NPLs (red) and NCs (black). b, Angle-resolved PL
spectra collected over emission angles from —20° to 20°.

Absorption spectra were measured with a commercially available Filmetrics F10-
RTA-UV analyser. Angle-resolved PL spectra were collected under 405 nm laser
excitation, and the signal was collected with the NA 0.06 objective.

—— Experimental 'data — Ex‘perimenta\ Ida(a —— Experimental 'data
60 Double Lorentzian fitting 60 Double Lorentzian fitting 60} Double Lorentzian fitting
Single Lorentzian peak

Single Lorentzian peak Single Lorentzian peak
ol /\\f Single Lorentzian peak 50 //\ single Lorentzian peak [ Single Lorentzian peak
E / \ 3 N >

/ \
, \

@
3

\

IS
3

—_
-
Counts (arb. u.)

8

<

S
<
<
(

.

A

2.0 25 3.0 35 4.0
Energy (eV) Energy (eV) Energy (eV)

1.5 20 25 3.0 3.5 4.0 15 20 25 3.0 35 4.0

o

Fig. S3 Room-temperature scattering spectra of CsPbBr3/Ag composites. Measured
spectra with double-Lorentzian fits for composites containing cubic nanoparticles (CNPs) of side
length (a) 85 nm, (b) 80 nm, and (c) 75 nm.

The experimental spectra were fitted using the sum of Lorentzian components
defined as

- (37)°
i1 (E—E)*+ (%Fi)
where E is the photon energy (in meV), E; denote the resonance energies of the individ-
ual peaks, I'; are their full widths at half maximum (FWHM), and A; are amplitudes

proportional to the peak intensities. All parameters (E;,T';, A;) were treated as free



variables and optimised by nonlinear least-squares fitting using the curve_fit routine

from the SciPy library[1].
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Fig. S4 Simulated scattering spectra of Ag CNPs. Scattering spectra for Ag CNPs with edge
lengths of 85nm (a,b) and 80nm (c,d). Panels a and ¢ show simulations at room temperature,
whereas b and d present the corresponding spectra at 10 K.



Theoretical model

We model a two-level emitter (exciton) coupled to a single plasmonic mode. We work
in the cavity rotating frame and set 7z = 1. The detuning is

A= we — Wy,

with w., and w, given by the cavity and exciton frequency, respectively. The
Jaynes-Cummings (JC) Hamiltonian reads

H = —Ac'o + g(a'o+aol), (S2)

where a (a') is the cavity annihilation (creation) operator, and o (o) is the exciton
lowering (raising) operator [2]. An open-system dynamics follows the Lindblad master
equation

p = —ilH.pl + 3 9(Cilp.  FIClp=CpCT = 3{CTC, p}. (S3)

While collapse channels are as follows:
C.=+Vka ( (
Cy=Vvo ( (
Cy = \/7s/40. (pure dephasing), (S6
Cp,=\/P.a', Cp,=+/Pyo' ( (

With this convention, the exciton homogeneous linewidth is

cavity energy decay),

exciton radiative decay),

incoherent pumps).

Wm:7+7¢7

and the optical coherence time is Ty ~ 2/W,.
Steady-state spectra are computed from two-time correlation functions using the
quantum regression theorem employing Python QuTiP v5.2.1 [3]. In the cavity frame,

Sewli8) = Z2 Re [t (al (1) (0 (58)
Sualw: &) = T30 Re [ dee (10 7(0). (9)

Here Fi,y and Fy.q are geometry/collection weights. For detection without a fixed
interferometric phase, the measured spectrum is well described by the incoherent sum

Sdet(W; A) = Scav(w; A) 4+ Spad(w; A). (S10)



In the absence of pumping, the complex normal-mode frequencies are eigenvalues
of the effective non-Hermitian matrix:

we — 1K/2 g _
( g wz—il"/2)’ D=9+
At A = 0 the observable splitting is given by:
Awops = 2 Re[ g2 — (F”wr)z] , (S11)

withe the criteria ¢ > (k + I')/4 (for resolvable splitting) and 2g > |k — I'| (for
underdamped temporal oscillations) following directly the literature [4-6].
For A # 0 equation S11 transforms into the following form:

1 “T)2
g = 2\/Awgbs—A2+<“ - S (S12)
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Fig. S5 Simulated time- and frequency-domain response of the coupled exci-
ton—plasmon systems. a,c,e, Temporal evolution of the cavity population (afa)(t) computed
within the Jaynes—Cummings model for increasing coupling strengths (¢ = 1, 100, 150, and 500 meV).
b,d,f, Corresponding Fourier-transformed Sget spectra revealing the emergence of Rabi splitting as
g increases. Panels (a,b), (c,d), and (e,f) correspond to Ag CNPs with diameters a = 85, 80, and
75 nm, respectively.
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Fig. S6 Normalized temperature-dependent PL spectra. a—d, PL spectral maps of
CsPbBr3/Ag composites with CNP side lengths of 85 nm (a), 80 nm (b), and 75 nm (c), along with
a reference sample (d), measured over a temperature range of 80-300 K. Black dashed lines serve
as guides to the polariton positions. Spectra were shifted along the energy axis such that the zero-
detuning polariton splitting aligns at 0 meV.
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Fig. ST Raw temperature-dependent radioluminescence (RL) spectra of CsPbBr3/Ag
composites. Maps are shown for composites with CNP side lengths of a, 85 nm; b, 80 nm; ¢, 75
nm; and for a reference sample, d. All measurements were performed over a temperature range of

10-300 K.
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Fig. S9 The fits of RL spectra of CsPbBr3/Ag composites at low temperature and
zero detuning. RL spectra of CsPbBr3/Ag composites with CNP side length of 85 nm measured
at 10 K (a) and at the effective zero-detuning temperature of 100 K (b). RL spectra of CsPbBr3/Ag
composites with CNP side length of 80 nm measured at 10 K (c) and at the effective zero-detuning
temperature of 130 K (d). All spectra include Lorentzian-function fits.
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Table S1 Extracted coupling parameters for CsPbBr3/Ag CNPs
composites. The grey-shaded columns emphasise the most relevant indicators of the
coupling regime, namely g, and SC+.

Awyps (meV) A (meV) x (meV) ~ (meV) g (meV) sct (meV) C g/wg
CNP side length = 85 nm
PL 55 8.6 345 61 76 101 1.09 0.032
RL 147 -6 259 52 89 77 2.39 0.036
CNP side length = 80 nm
PL 95 46 325 61 78 96.5 .22 0.032
RL 168 -61 244 52 98 74 2.65 0.037

Uncertainties of each parameter are lower than 10% of the value and are not included in the
table for better clarity.

The experimental time-resolved photoluminescence (TRPL) decays were fitted
using a sum of three exponential components according to

I(t) = iAZ— exp (-f) , (S13)

where A; are the amplitudes of the individual decay components, and 7; denote their
characteristic lifetimes.
The fractional contribution of each component to the total emission is defined as

AiTi
Ji= =3 . (S14)
> i1 Ay
while the intensity-weighted average lifetime is given by
3 2
5 AT
(r) = Zam AT (S15)
Dim1 AiTi

All parameters (A4;,7;) were treated as free variables and optimised by nonlinear
least-squares fitting using the curve_fit routine from the SciPy library [1].

Exciton-plasmon coupling rate

The exciton-plasmon coupling strength g between the CsPbBrg NPLs excitons and
the LSPR of the Ag CNPs was evaluated using the standard dipole-field interaction
formalism [7]. For a collection of N coherently interacting excitonic oscillators coupled
to a single plasmonic mode, the coupling rate is given by

4mhNc
=) —. S16
9= oo Vi (S16)

In this expression, u denotes the transition dipole moment of a single exciton,
while NV represents the number of excitons within the plasmonic near-field region par-
ticipating in the coherent interaction. The parameter A corresponds to the exciton

15



resonance wavelength, taken here as the peak emission wavelength of the CsPbBrg
nanoplatelets. The dielectric response of the surrounding medium is described by the
product egg, where € is the static relative permittivity of the polymer matrix embed-
ding the nanocubes and g is the vacuum permittivity. The quantity Vg denotes the
effective mode volume of the plasmonic cavity extracted from finite-difference time-
domain (FDTD) simulations, and ¢ and & are the speed of light and the reduced
Planck constant, respectively. Equation S16 reflects the collective nature of the cou-
pling through its v/N scaling and the enhancement of the local electric field through
its 1/y/Vog dependence.

For quantitative estimates of g, we adopt physically justified parameter values.
The exciton transition dipole moment is taken to be consistent with the experimen-
tally measured range of p =~ 10-13 D reported for strongly confined two-dimensional
lead-halide perovskites using high-precision optical Stark spectroscopy[8]. Although
the referenced studies concern layered perovskite quantum wells rather than colloidal
CsPbBrs nanoplatelets, the degree of quantum confinement and the predominantly
in-plane dipole orientation are closely analogous.

To determine the number of excitons participating in the coherent interaction, we
use the areal exciton density oey. appropriate for low-excitation, linear-response con-
ditions. For the CsPbBr; nanoplatelets studied here, we adopt ey from = 10" cm =2
to = 10'2 cm~2, for weak optical or ionising-radiation excitation, respectively[9].
This density corresponds to the probability of generating at most one exciton per
nanoplatelet, consistent with the absence of nonlinear signatures in the PL and RL
spectra. The total number of contributing excitons is then obtained as

N = Oexc Aeff7

where Acg is the simulated effective interaction area of the plasmonic near field
associated with a given nanocube size.

The dielectric constant was taken as ¢ = 3.6 to reflect the optical permittivity
of the PDMS matrix in contact with the nanocubes. The exciton resonance wave-
length was set to A = 518 nm according to the room-temperature PL peak of the
nanoplatelets. The effective mode volumes V.g were obtained from FDTD simulations
for each nanocube edge length.

Table S2 Parameters for coupling
strength calculations in Eq. S16.
Effective interaction area Aq¢r and mode
volumes Vy¢r for Ag CNPs extracted
from FDTD simulations for different
edge lengths a.

a (nm) A (pm?

Vest (um3)
7

75 22x1073  3.92x 10~

80 23x1073  4.13x 1077
85 24 %1073  4.37x 1077
90 2.5x 1073  4.64 x 10~7
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