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The coherent emission of exciton polaritons was proposed as a means of lowering the lasing threshold because
it does not require the dissociation of excitons to obtain an electron-hole plasma, as in a classical semiconductor
laser based on population inversion. In this work we propose a method to prove clearly the polaritonic nature
of lasing by combining experimental measurements with a model accounting for the permittivity change as
a function of the carrier density. To do so we use angle resolved photoluminescence to observe the lasing
at cryogenic temperature from a polariton mode in a zinc oxide waveguide structure, and to monitor the
continuous shift of the polaritonic dispersion towards a photonic dispersion as the optical intensity of the pump
is increased (up to 20 times the one at threshold). This shift is reproduced thanks to a model taking into account
the reduction of the oscillator strength and the renormalization of the band gap due to the screening of the
electrostatic interaction between electrons and holes. Furthermore, the measurement of the carrier lifetime at
optical intensities in the order of those at which the polariton lasing occurs enables us to estimate the carrier
density, confirming that it is lower than the corresponding Mott density for zinc oxide reported in the literature.

DOI: 10.1103/PhysRevB.107.125307

I. INTRODUCTION

Introduced by Hopfield and Agranovich [1,2] to describe
the light propagation in bulk semiconductors, exciton polari-
tons have been extensively investigated since 1992 in vertical
microcavities [3]. Exciton polaritons, hereafter referred to as
polaritons, result from the strong coupling of photons and
excitons, which are electron-hole pairs in Coulombic inter-
action. Contrary to the particles involved in an electron-hole
plasma, polaritons are bosons and when their density exceeds
a critical value, they condensate into a single state which
emits coherent light, resulting in polariton lasing [4]. The
working mechanism is not the stimulated emission of photons
as in conventional lasers, but the stimulated polariton scatter-
ing induced by the final state occupation [5]. This process
is predicted to occur at a much lower particle density [6]
and with a smaller gain length than the half cavity length
required in a conventional laser [7]. This has promoted po-
lariton lasers as promising candidates for low-power coherent
sources compatible with large packing densities and, thus,
they are particularly adapted to the field of optical intercon-
nections where a drastic reduction of the energy consumption
is required [8]. However, the maximum operation temperature
of a polariton laser depends on the exciton stability, which
is material dependent. Zinc oxide (ZnO) is a wide-band-gap
semiconductor with stable and robust excitons for which po-
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lariton lasing has been demonstrated up to room temperature
[9]. It is thus an attractive material for realizing polariton
lasers, provided that the carrier density is kept below the Mott
density, which corresponds to the dissociation of all excitons
into unbound electrons and holes [10].

Waveguides, which confine photons through total internal
reflection, represent a geometry for polariton lasers alternative
to the most standard vertical one [11]. Polaritonic waveguides
combine numerous advantages: (i) inherent very low radia-
tive losses, given that they operate at wave vectors outside
the light cone, (ii) a significant spatial overlap between the
excitonic medium and the electromagnetic field, and (iii) an
eased fabrication, as they consist only of a semiconductor
slab embedded between two optical cladding layers. Strong
coupling in waveguides has been first demonstrated in struc-
tures based on J aggregates [12] and gallium arsenide [11].
However, these materials are only suitable for low power
or low temperature applications. Recently, other groups have
reported promising results for future devices based on guided
polaritons working at room temperature: polariton lasing and
amplification in ZnO [13], long-range coherent polariton con-
densate flow in a halide perovskite waveguide [14], ultrafast
polariton modulation with GaN quantum wells [15], and po-
lariton lasing in GaN-based circular guides [16].

In this work we propose a method to clearly evidence
the polaritonic nature of lasing. To do so we have measured
accurately the continuous shift of the polariton dispersion in a
ZnO-based waveguide at cryogenic temperature for different
pumping intensities, from below lasing threshold to far above
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FIG. 1. (a) Sketch of the sample structure with the definition of axes used in the calculation of guided modes, the emission angle θ at the
surface, and the period � of the grating. The ZnO guiding layer is 50 nm thick with the propagation constant β depicted in yellow. The square
modulus of the electric field for the TE0 mode is plotted in orange. (b) Image of the sample surface obtained using an optical microscope
showing a 100 × 100 µm2 diffraction grating (dark square) and cracks perpendicular to the c axis (purple arrow) as darker lines. The twist
angle between the grating and the in-plane c axis is smaller than 4° leading to a negligible error on the wave vector measurement.

lasing threshold. The experimental results are confronted with
a modeling of the permittivity accounting for the progressive
screening of bound electron-hole pairs. As the optical inten-
sity of the pump is increased, the laser energy moves from the
polaritonic dispersion, whose shape is mostly controlled by
excitonic contributions to the dielectric function, towards the
dispersion of the photonic waveguide mode (for intensities 20
times larger than the polariton lasing threshold). This observa-
tion is explained because of the screening of the electrostatic
Coulomb interaction, leading to a reduction of the oscillator
strength and a band-gap renormalization, thus modifying the
complex permittivity of the guiding medium. The observed
shift of the dispersion to smaller wave vectors, as predicted by
our model, enables us to determine a reduction by 22% of the
oscillator strength at the polariton lasing threshold. We also
perform time-resolved photoluminescence to determine the
decay time of carriers allowing us to calculate a carrier density
at threshold of 3 × 1017 cm−3. A careful comparison with the
Mott density value obtained from the literature confirms the
existence of polaritons at such a density.

II. SAMPLE STRUCTURE AND EXPERIMENTAL SETUP

The structure investigated in the present study consists
of a ZnO based optical waveguide (50 nm thick) grown
by molecular beam epitaxy on a Zn0.72Mg0.28O buffer layer
(1000 nm) deposited onto an m-plane ZnO substrate [17]. A
Zn0.72Mg0.28O upper cladding (100 nm) was added to prevent
surface recombinations and to obtain a better confinement
of the electromagnetic field. A sketch of the structure is
displayed in Fig. 1(a). During the epitaxial growth, cracks
are naturally induced by the mismatch of both the lattice
parameters and the thermal expansion coefficients of ZnO and
Zn0.72Mg0.28O. Cracks form perpendicular to the in-plane c
axis of the crystal and are irregularly spaced: in the current

sample the typical distance between two cracks lies between
5 and 40 µm [see the optical microscopy image of the sample
in Fig. 1(b)]. Due to the refractive index contrast between ZnO
and air, cracks can act as mirrors and thus two parallel cracks
form a Fabry-Perot resonator. As displayed on Fig. 1(b), a
SiO2 grating (100 × 100 µm2) with a � = 190 nm period
was elaborated by electron beam lithography on a hydrogen
silsesquioxane (HSQ) resin on top of the structure to enable
the outcoupling of the guided waves. Due to the difficulties
to perfectly align the mask along the crystallographic axes,
there is a small twist angle between the grating and the c axis
of about 4°. Consequently, strictly speaking we measure the
projection of the wave vector along z, but this results in a
negligible variation.

Bragg’s diffraction law relates the emission angle θ outside
the sample to the propagation constant β of the mode:

β = 2π

λ0
sin (θ ) − m

2π

�
with m ∈ Z.

The dispersion of the guided polaritons is thus measured
by Fourier-space spectroscopy combined with a real-space
filtering. The emission of the sample was collected through a
100 × NUV microscope objective with a 0.5 numerical aper-
ture and its Fourier plane (focal plane) was imaged onto the
spectrometer slit by two spherical lenses. The spectrometer
has a 1-m focal length and 1200 grooves per mm grating to
obtain a resolution better than 0.5 Å. For spatial filtering a pin-
hole was placed in the focal plane of the first lens; the pinhole
diameter of 0.8 mm corresponds to an investigated surface of
200 µm2 on the sample. This spatial filtering enabled us to
select the light emitted only from a small area of the grating
coupler deposited on the sample but also to avoid, as much as
possible, collecting light from adjacent cavities. A Q-switched
laser emitting at 266 nm with a 400-ps pulse duration and
20.6-kHz repetition rate was used for the excitation. We have
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used a side excitation, focusing the laser through an aspherical
lens with a spot surface of 1220 µm2.

For the time resolved photoluminescence (TRPL), the
waveguide is excited using the third harmonic of a titanium-
sapphire laser with a pulse duration of 150 fs. After being
spectrally dispersed by a 600 groove per mm grating, the
luminescence is temporally analyzed using a streak camera.

III. NUMERICAL CALCULATION OF GUIDED MODES
DISPERSION AND PERMITTIVITY MODEL TO ACCOUNT

FOR VARYING CARRIER DENSITY

In order to analyze the experimental results, guided
modes in the waveguide are calculated by solving Maxwell’s
equations with proper boundary conditions. In the region
between two cracks, the structure is invariant by trans-
lation along the y and z axes [see Fig. 1(a)] and the
propagation equation for transverse electric (TE) modes
writes

d2Ey(x)

dx2
+ (

k2
0εr − β2

)
Ey(x) = 0 with

�E = Ey(x) ei(ωt−βz) �uy,

where k0 is the vacuum wave vector and β is the propa-
gation constant in the waveguide, which becomes complex
when losses are taken into account through the permittivity
εr . The continuity of transverse components of the electric
and magnetic fields at each interface leads to an implicit
equation whose resolution is carried out in the complex plane
to determine the propagation constant β as a function of the
energy E . We limit our study to the TE0 mode, for which the
electric field confinement is the strongest.

The complex permittivity of ZnO is based on the value
measured by spectrometric ellipsometry at 300 K [18,19].
We have modeled the excitonic transitions with harmonic
oscillators and removed them to obtain a background value
εb that retains only the contribution of both band-to-band
and higher energies transitions. At low temperature, the back-
ground permittivity is blueshifted by 70 meV corresponding
to the band-gap change from 300 to 5 K [20]. Then, the per-
mittivity can be expressed using the transition energy Ej, the
broadening γj, and the oscillator strength fj of ZnO excitons
as follows:

ε(E ) = εb(E ) +
∑

j=A,B

fj

E2
j − E2 + iγjE

.

At low temperature and low density, we used excitonic
parameters from the work by Mallet et al. [21]. In Fig. 2, the
light cone of Zn0.72Mg0.28O is represented in light blue using
a constant optical index of 1.9 [22] and the photonic TE0
mode (purple dashed line) is determined when the excitonic
contribution is removed ( fj = 0) from the permittivity. An
example of the calculated dispersion curve for the waveguide
at T = 5 K is also displayed as a purple line in Fig. 2, ev-
idencing clearly the polaritonic nature of the guided mode
with lower and upper polariton branches being separated by
a Rabi splitting 
 of 134 meV. This value is smaller than the
previously published one [13] as the model used in our first
work coupled a linear dispersion of the TE0 mode (with a

FIG. 2. Numerical calculation of the guided polariton dispersion
in purple showing a Rabi splitting of 134 meV between the lower and
upper branches. The TE0 photonic mode (light purple dashed line)
is obtained using only the background permittivity of ZnO without
excitonic contributions. The Zn0.72Mg0.28O light cone (light blue)
corresponds to a linear dispersion with a constant refractive index
of 1.9. The red dotted line indicates the mean energy of the excitonic
transitions.

constant effective refractive index) with a harmonic oscillator.
It has been demonstrated in Ref. [23] that a coupled oscillator
model strongly overestimates the deviation of the polaritonic
dispersion from the photonic one. Moreover, this is a crude
model as it does not account for the dispersive nature of the
refractive index and its variation as a function of the carrier
density. Thus a clear demonstration of the polaritonic nature
of the mode, in the absence of the upper polariton branch,
can only be obtained by monitoring the shift of its dispersion
from a polaritonic one to a photonic one, following thereby
the Coulomb potential screening of excitons up to the Mott
transition.

As the carrier density increases, the Coulomb interaction
between electrons and holes is progressively screened lead-
ing to the vanishing of excitons at the Mott density. Both
experimental and theoretical results in bulk semiconductors
have shown that the exciton energy does not depend on the
carrier density [24,25]. This is explained by a compensation
between the reduction of the exciton binding energy Eb and
the shrinkage of the band gap. We propose to model the effect
of the carrier density using only one parameter, η, which
represents the percentage of oscillator strength remaining for
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FIG. 3. Photoluminescence spectra recorded at low tempera-
ture (Tsample = 5 K) for optical intensities increasing from 16.4 to
96.4 kW cm−2 (left panel); the integrated intensity is plotted as a
function of the optical intensity of the pump (right panel) for the
polaritonic emission (pink, 3.31–3.345 eV) and for excitonic transi-
tions (green, 3.345–3.40 eV); results are shown on a log-log scale
to evidence the superlinear increase for polaritons (p = 2.1) and
the supralinear one for excitons (p = 0.4) above the threshold at
Dth = 30.6 kW cm−2.

a given carrier density n:

η = f (n)

f (n = 0)
.

As both the oscillator strength and the binding energy are
linked to the exciton Bohr radius, we can express the permit-
tivity as a function of η:

ε(E ) = εb(E − Eb × [1 − η1/3]) +
∑

j=A,B

η fj

E2
j − E2 + iγjE

.

The first term of the equation accounts for the shrinkage of
the band gap and, thus, the spectral shift of the background
contribution, while the second term concerns the reduction of
the amplitude of the excitonic transition due to the screening
of excitons by carriers. The term [1 − η1/3] comes from the
fact that the excitonic binding energy is proportional to a−1

B
where aB is the excitonic Bohr radius, while the oscillator
strength is proportional to a−3

B [26].

IV. EXPERIMENTAL MEASUREMENT OF THE
POLARITON DISPERSION AS A FUNCTION OF OPTICAL

PUMPING INTENSITY

The photoluminescence of the ZnO waveguide has been
recorded at low temperature (Tsample = 5 K). The spectra are
shown in the left panel of Fig. 3 for various optical intensities.
For the lowest intensity (D = 16.4 kW cm−2), the spectrum
is dominated by a broad emission centered at 3.36 eV cor-
responding to the emission of both donor-bound and free
excitons. The broadening is due to strain fluctuation in the
structure as further discussed below. As the optical intensity
is increased, another peak appears at lower energy, which
progressively resolves into a comb of sharp lines: these lines

are successive modes of the Fabry-Perot cavity formed by
two consecutive cracks. Their intensity increases clearly faster
than the excitonic emission. To prove unambiguously the non-
linearity of the emission, we have plotted on the right side
of Fig. 3 the integrated intensity which is proportional to the
light emitted versus the optical pumping intensity D. Above
a threshold at Dth = 30.6 kW cm−2, the area of the lower
energy peak (integrated between 3.31 and 3.345 eV, pink)
increases as a power law with an exponent of 2.1, whereas
the excitonic emission (integrated between 3.345 and 3.40 eV,
green) increases only as D0.4. Indeed, the emission attributed
to polaritons is superlinear while the excitonic one is supra-
linear, associated to an excitonic reservoir depletion that will
be considered in the discussion section. Note that an extensive
study of lasing in the same structure, with more experimental
points, has already been published in Ref. [13].

The dispersion relation of the ZnO waveguide is also
investigated experimentally at the same cryogenic temper-
ature (Tsample = 5 K) for optical intensities ranging from
2.9 to 636 kW cm−2. The emission is recorded as a function
of the wavelength in ordinates and, with an angular reso-
lution in abscissa. The results are shown in a false colors
logarithmic scale in Fig. 4 for four selected intensities. On
each panel, the calculated dispersions are also plotted using
various percentages of oscillator strength: η = 1 corresponds
to the low-density regime (white dashed line), η = 0 accounts
for the permittivity at the Mott density (white dotted line), and
the best fit to the experimental dispersion using a variable η is
depicted in magenta.

For the lowest optical intensity [Fig. 4(a), 2.9 kW cm−2],
a strong dispersionless emission is observed at energies
between 3.35 and 3.38 eV. It corresponds to the photolu-
minescence of uncoupled excitons whose emission cannot
be guided in the waveguide and are thus emitted vertically.
This luminescence is mainly dominated by two broad peaks
at 3.3765 and 3.3605 eV: they are attributed respectively to
free excitons and neutral donor bound excitons, in agreement
with Ref. [20] for unstrained ZnO. The significant broadening
originates from large strain variations in the area between the
cracks, as we spatially integrate the emission from excitons
emitting close and far from the cracks. The presence of exci-
tons confirms that the carrier density is well below the Mott
density. At lower energy, a dispersive feature corresponds to
the emission of the guided polaritons. The white dashed line
is the best fit of the experimental data: it allows us to fix the
physical parameters of the structure assuming the oscillator
strength is not affected at the lowest excitation (η = 1). The
dispersion relation of the waveguide is also reported at the
Mott density (η = 0, dotted curve) for comparison.

As the excitation is increased [Fig. 4(b), 31.8 kW cm−2;
Fig. 4(c), 95.4 kW cm−2; and Fig. 4(d), 636 kW cm−2], the
dispersion curve shifts continuously towards the low emission
angle, corresponding to lower propagation constants for a
given energy. This is due to screening effects as the carrier
density is increased: band-gap renormalization and oscillator
strength reduction both lead to a lower permittivity value,
which blueshifts the guided mode dispersion (at constant wave
vector). This behavior is well accounted for by our model if
we decrease the percentage of oscillator strength η from 1 to
0.78 [Fig. 4(b)], 0.66 [Fig. 4(c)], and 0.48 [Fig. 4(d)], as can
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FIG. 4. Experimental dispersion curves of the polaritonic guided
mode at Tsample = 5 K as a function of the optical intensity of the
excitation laser. Calculated dispersions are also plotted using a vari-
able parameter η (percentage of oscillator strength) accounting for
the exciton screening. The white dashed curve corresponds to η = 1,
the white dotted one to η = 0, and the magenta lines are best fits to
the experimental data. Each panel corresponds to a different optical
intensity: (a) 2.9 kW cm−2, (b) 31.8 kW cm−2 corresponding to las-
ing threshold, (c) 95.4 kW cm−2, and (d) 636 kW cm−2.

be seen from the agreement between the fit (magenta lines)
and the experimental data.

Another interesting phenomenon appears in Fig. 4(b),
where discrete peaks appear superimposed on top of the po-
laritonic dispersion: they correspond to the resonances of a
Fabry-Perot cavity formed by two cracks that become visible
as the gain overcomes the losses. This is clear evidence of
lasing, which it is corroborated by the nonlinear increase of
the integrated intensity as a function of the excitation shown in
Fig. 3. The peaks are aligned on the calculated dispersion cor-
responding to η = 0.78: this constitutes conclusive proof of
the polaritonic nature of the lasing mechanism. The nonlinear
emission is still visible at higher power densities [Figs. 4(c)
and 4(d)] but the peaks become broader as other adjacent cav-
ities with different sizes contribute to the collected emission.
Simultaneously, the energy of the lasing modes decreases,
as predicted by theoretical calculations based on semiclas-
sical Boltzmann equations by Solnyshkov et al. [27]. This

FIG. 5. Time resolved photoluminescence of the free excitonic
transition (3.3765 ± 0.0025 eV), and eventually ionized electron-
hole pairs (energy up to 3.41 eV), for a carrier density n = 2.3 ×
1015 cm−3 (green squares) and n = 4.7 × 1016 cm−3 (blue circles).
The ordinate axis corresponds to the natural logarithm of the in-
tensity to evidence the monoexponential decay. The green and blue
dotted lines are guides for the eyes. The decay times associated with
each density are obtained from monoexponential fits.

behavior can be explained by an enhanced polariton relaxation
along the lower polariton branch due to increased polariton-
polariton interactions. At 636 kW cm−2, an optical pumping
intensity corresponding to 20 times the one at threshold, the
dispersion curve comes even closer to the η = 0 curve (dotted
white line). The uncertainty on the permittivity used in the
calculations as well as the smaller energy difference between
the photonic and the polaritonic dispersions at this energy do
not allow us to conclude any longer whether the lasing is
based on polaritons or on an electron-hole plasma. We have
to mention that in the last two figures, a blurred emission
is detected at high angles and away from any polaritonic
dispersion (at angles between 20° and 30°): this is due to the
diffraction of the undispersive emission from the cracks on the
pinhole used to spatially select the emission.

V. DISCUSSION ON THE LASING REGIME

The polariton laser is fed from a reservoir of uncoupled
excitons with large wave vectors. We propose to determine
now the density of carriers n in this reservoir. To do so, we
have measured the decay time of the excitonic transitions that
do not couple to the waveguide and that can be recorded in
the luminescence spectrum emitted from the surface. Time
resolved measurements are shown in Fig. 5 for two different
optical intensities corresponding to n in the range 1015–5 ×
1016 cm−3, as detailed below. To obtain the decay time of car-
riers in the reservoir (both free excitons and eventually ionized
electron hole pairs, as explained later), we have measured the
photoluminescence decay of the waveguide with a temporal
resolution smaller than 5 ps and integrated over an energy
range from 3.3765 eV [free A exciton energy from Fig. 4(a)]
up to 3.41 eV (three times kBTe with Te ∼ 130 K the excitonic
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temperature at lasing threshold). We have plotted the natural
logarithm of the luminescence intensity I subtracted from the
background I0 to unambiguously prove the monoexponential
decay. The lifetime of the carriers appears not to depend on
the carrier density and we will consequently use a mean value
τ = 40 ps for calculations.

The carrier density can be easily determined for these mea-
surements using the following formula, where the laser pulse
is assumed to be a Dirac delta function:

n = Epulse

Elaser
× αZnO

S
.

We define Epulse as the energy per pulse transmitted to
the ZnO layer, S = 2000 µm2 is the surface of the spot, and
Elaser = 4.66 eV is the energy of the excitation laser. The
part of the photons absorbed by the Zn0.72Mg0.28O cladding
is taken into account using αZnMgO = 1.1 × 105 cm−1 [22]
as well as the transmission coefficients of the interfaces be-
tween each layer. The generated carriers are assumed to be
not transferred from the Zn0.72Mg0.28O cladding to the ZnO
guide as they are mostly trapped into alloy fluctuations at low
temperature. As the ZnO thickness is less than the optical
absorption length [28], the relevant thickness to consider for
the evaluation of n is 1/αZnO with αZnO = 1.9 × 105 cm−1

[29]. Using the above formula, we can estimate that the carrier
density is varying from 2.3 × 1015 cm−3 for the green curve
in Fig. 5 to 4.7 × 1016 cm−3 for the blue one.

Coming back to the dispersion measurement of Fig. 4, the
pulse duration of the laser (400 ps) is large enough compared
to the carrier lifetime (40 ps) and we can use the quasicontin-
uous approximation. The carrier density is now written as

n = D

Elaser
× τ × αZnO.

We can thus deduce a carrier density nth = 3 × 1017 cm−3

for an optical pumping intensity D = 30.6 kW cm−2 corre-
sponding to the polariton lasing threshold. This value has to be
compared to the Mott density nMott from the literature. Using
the static screening model developed by Versteegh et al. in
Ref. [30], we were able to calculate nMott = 7 × 1017 cm−3

for an excitonic temperature of 130 K, which is determined
under the high excitation conditions. This value, compared to
nth, further confirms the polaritonic nature of the laser.

As the carrier density is increased [see Figs. 4(c) and
4(d)], we expect to reach the Mott density; however, this phe-
nomenon is not clearly observed, even at 636 kW cm−2. One
possible process explaining this, at least partially, is the de-
pletion of the excitonic reservoir by the stimulated scattering
of polaritons to the final state, its population being clamped
above the polariton lasing threshold [31]. Indeed, we have

demonstrated in Fig. 3 that the excitonic emission increases
only with an exponent 0.4 above threshold. Thus, a pumping
intensity 20 times larger than the one at threshold should lead
to an increase of the carrier density by only a factor of 3.3. The
optical intensity of 636 kW cm−2 would thus correspond to a
carrier density of 10 × 1017 cm−3, close to the Mott transition
in zinc oxide. This estimation is consistent with our inability
to discriminate experimentally, at this large pumping intensity,
the nature of the lasing gain [Fig. 4(d)].

VI. CONCLUSION

We have studied at cryogenic temperature a ZnO-based
waveguide that supported guided polariton modes. Thanks to
outcoupling gratings deposited on the surface of the structure,
the dispersion curve of the TE0 mode has been experimentally
measured using Fourier space spectroscopy to prove its polari-
tonic nature. The numerical resolution of Maxwell equations
allows us to compare the measured dispersions with a purely
photonic one, where the excitonic contributions to the per-
mittivity have been precisely removed, showing a significant
difference. As the power density of the optical excitation is
increased, a nonlinear emission is observed at a threshold of
30.6 kW cm−2, with a small shift of the dispersion. A model
has been developed to account for carrier screening effects in
the excitonic reservoir through the reduction of the oscillator
strength and band-gap renormalization. It demonstrates that
the lasing is of polaritonic nature as the oscillator strength
is only reduced by 22% at threshold. The lifetime of carriers
(τ = 40 ps) in the reservoir has been determined through time
resolved photoluminescence and it is used to compute the
carrier density at threshold. The value of nth = 3 × 1017 cm−3

is found to be lower than the Mott density reported in the
literature, corroborating that the emission originates from po-
laritons.

The complex permittivity model accounting for excitonic
screening used in this work, combined to the measurement of
the polaritonic dispersion as a function of the optical intensity,
can be used for other polaritonic systems containing different
materials, even at high temperatures. Our description of the
permittivity may be improved with a more formal description
of the interacting electron-hole gas as described in the liter-
ature. Doing so, we could also access to the whole dielectric
function below and above the Mott transition to simulate the
gain from the electron-hole plasma and to predict the transi-
tion to a classical laser.
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