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Section 1. FP cavity mode calculation and angle resolved spectra of the

self-hybridized WSe..
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Supplementary Figure 1. FP cavity modes calculated using the transfer matrix
method (TMM). (a) Schematic diagram of the sample structure, where n is the
refractive index of the material and d represents the thickness of the layered material.
(b,c) FP cavity modes in 190 nm (b) and 40 nm (c) thick layered material. The white
and blue dashed lines indicate the energies of the A and B excitons, respectively. (d)

Reflectance spectra of the cavity modes extracted from (b) and (c) at # = 0" and 50°.

The FP cavity modes in a layer with thicknesses of d = 190 nm and 40 nm, calculated
based on the sample configuration in Supplementary Fig. la, are presented in

Supplementary Fig. 1b and 2c, respectively. We use n = 4.6 without exciton resonance

to mimic the responses of WSe>. The FP cavity mode satisfies 2nd = (m + %?)?\,

where ¢@(A) is the total phase shift introduced by reflections at the upper and lower
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interfaces."? The 0" order mode arises because the sample thickness di is much smaller
than its resonant wavelength (d = 190 nm, A erothorder = 3875 nm; d = 40 nm,
Azeroth order — 1083 nm), making it a resonance determined primarily by the interfacial
reflection phase shifts.» % As a result, this mode exhibits no dispersion, as shown in
Supplementary Fig. 1d, where the resonance peak energies at # = 0° and 50° coincide.
The phase shifts for the 0-order mode in the layer with thicknesses of 190 nm and 40
nm are 0.917n and 0.68x, respectively. For the 190 nm thick sample, the phase shifts of
the first- to third-order modes are (1272 nm) = 0.75n, @(757.5 nm) = 0.62w, and
@(535.6 nm) = 0.537. The second order mode of 190 nm thick cavity is resonant with
AX of WSe», ensuring an efficient exciton-cavity coupling. The energy difference
between the cavity mode at 40 nm and the AX energy in WSe> is 500 meV, which is
greater than the Rabi splitting value of 190 meV in the strong coupling system.

Therefore, this cavity mode does not strongly couple with the AX.
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Supplementary Figure 2. Angle-resolved reflectance spectra of the 170 nm thick
WSe: flake. (a) Color maps of experimentally measured angle-resolved reflectance
spectra. The calculated UP, LP, cavity mode and uncoupled AX energy positions are
presented by dashed lines. (b-c) Fractions of excitons (blue) and cavity photons (red)

in LP (b) and UP (c) of the 170 nm thick flake as a function of incidence angle. Blue
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66  detuning leads to a significant difference in the exciton-photon fractions between the

67  UP and LP branches.
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69  Supplementary Figure 3. Pump pulse spectra. Spectra of 1.47 eV (left) and 2.76 eV
70  (right) pump light used in TR measurements (red shaded), and steady state reflection

71  spectra of 5 nm, 170 nm, 190 nm thick WSe: flakes (lines) at § = 30°, respectively.

72 Asshown in Supplementary Fig. 3, the 1.47 eV pump beam is filtered using an 825 nm
73 (1.5 eV) long-pass filter to ensure that only the LP state is excited at an incident angle

74 of 30°.

75

5/ 32



76

77

78
79
80
81
82

83

Section 2. TR spectra of thin WSe; flakes.
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Supplementary Figure 4. Comparison of TR spectra with steady state reflectance
spectra for 5 nm and 40 nm thick flakes. Steady state reflectance spectra (grey) and
TR spectra at 7= 10 ps of the 5 nm (a), and 40 nm (b) thick flakes under 1.47 eV (red)
and 2.76 eV (blue) excitation. Amplitudes of TR signals are normalized by AX positive

peaks intensity maxima.

6 / 32



84

85
86
87
88
89
90
91
92

93

(@) s : (b) s (C)1s
.t AX I —— Negative ! . AX . BX
L er [ t=037z00tps |G | £,=0.29 £ 0.02 ps
<4l : <1soo fs b . t,=4.32£0.11 ps b £,=3.18 £ 0.22 ps
— | 7 ps | ~— —
E 5 [ —10ps BX: E E 5L
S - | < <
0
2 \ | i | 1 1 1l il v v by v v bew v b gy
14 16 1.8 20 22 20 5 10 15 20 20 5 10 15 20
Energy (eV) Time delay (ps) Time delay (ps)

Supplementary Figure 5. Transient transmission spectra of monolayer WSe:. (a)
Representative transient transmission spectra at selected delay times of monolayer
WSe: film under 2.76 eV excitation. Positive ground state bleaching (GSB) peak at the
exciton energies and negative peaks resulting from excitation induced dephasing (EID)
effect are observed. (b-c) Peak dynamics (circles) extracted from the positive peak
maximum of AX response (b) at £=1.7 eV, BX response (c) at £ = 2.11 eV, and fitted
curves (lines) using a bi-exponential function. The time constants are listed in the

corresponding figure.

7/ 32



94
95
96
97
98
99
100
101
102
103

104

(b)

PB

[] Pump off
Pump on

Supplementary Figure 6. Schematic diagrams of different nonlinearities for
semiconductor excitons due to many-body interactions. (a) Pauli blocking (PB)
reduces the transition dipole moment, exhibits a pure bleaching-type signal. (b)
Bandgap renormalization (BGR) redshifts the transition state energy, resulting in a
derivative line shape. (¢) Excitation induced shifts (EIS) blueshifts the transition state
energy, resulting in a derivative line shape which is out of phase with BGR line shape.
(d) Excitation induced dephasing (EID) increases the damping rate of the optical

transition, leading to a line shape broadening. The differential spectrum exhibits a

negative peak in the center and positive side lobes on both sides.

8/ 32




105
106
107
108
109
110
111
112

113

(a) (b), ©),
(0]
(1] c c
© ! 5
[0)] Q O I
i 2 2
3 5 40 3 60
T e « ot | 1001
Pump on ~ Simylation 0 J .5
& 2
o = e |
X X
Z 0 < < O
5 5,
< <
Simulation . o I .
Energy 1.4 1.6 1.8 2.0 14 1.6 1.8 2.0

Energy (eV)

Energy (eV)

Supplementary Figure 7. Schematic diagrams of the nonlinearities for thick WSe2

flakes. (a) Simulated probe reflectance spectra in the presence and absence of pump

pulse (top) composed of Pauli blocking (PB), bandgap renormalization (BGR) and

excitation induced dephasing (EID) effects. These many-body interactions result in a

derivative line shape of the TR spectrum (bottom). (b-c) Experimental probe reflectance

spectra in the presence and absence of pump pulse (top) and the corresponding TR

spectra of 40 nm (b) and 60 nm (c) thick flakes at 7= 100 fs.
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Supplementary Figure 8. Schematic diagrams of nonlinearities result from Rabi
contraction. Rabi contraction reduces coupling strength due to the Pauli blocking
effect and thus lead to redshift of UP and blueshift of LP.® In this case, the symmetries

of LP and UP line shapes are opposite.
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Supplementary Figure 9. Transient reflection (TR) spectra of the 5 nm thick WSe:
flake. False-color map (a) and representative AR/R spectra at selected times (b) under
2.76 eV excitation. Strong initial EID induced broadening can be observed. With

increasing time delay, the peak becomes narrowed because of the decreased EID effect.

10 / 32



124

125
126

127
128
129
130
131
132
133
134
135
136

137

3
—2
~—~ 2 B Oppss
o 0.5ps
8 14 1ps
X —5ps
~ ——10ps
i o N e
<41
-10 20 nm -2+ 40 nm
1.5 1.6 1.7 1.8 1.9 15 1.6 1.7 1.8 1.9
Energy (eV) Energy (eV)

Supplementary Figure 10. TR spectra of the 20 nm and 40 nm thick WSe: flakes

under 2.76 eV excitation, dominated by derivative line shapes.

As shown in Supplementary Fig. 10a, within the first few picoseconds, the AX positive
peak of 20 nm thick flake is much stronger than the negative one. What’s more, there
is a weak negative peak at the high energy side, a feature that is seen for the 5 nm thick
flake (Supplementary Fig. 4a) and the monolayer (Supplementary Fig. 5). However, the
negative signal at 1.72 eV is much weaker compared to that at 1.62 eV, significantly
different from the two thinner flakes. After 5 ps, the intensities of positive (1.67 eV)
and negative (1.62 eV) peaks become comparable. As for 40 nm thick flake
(Supplementary Fig. 10b), the negative signal at high energy side is hardly to be seen.
Hence, we anticipate that for thicker flakes (170 and 190 nm), their TR spectra should

also display derivative line shapes.
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138  Section 3. Pump fluence-dependent TR spectra of WSe: flakes with

139 different thicknesses.
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141  Supplementary Fig. 11. Pump fluence-dependent TR spectra of 40 nm thick WSe:
142  flake under 2.76 eV excitation. (a) Representative AR/R spectra at T'= 10 ps of the 40
143  nm thick WSe: flake under different pump fluences. (b) Peak dynamics (circles)
144  extracted from the positive peak maximum of AX response at E = 1.67 eV under
145  different pump fluences and fitted curves (lines) using a bi-exponential function. (c)
146  Maximum intensity at 7 = 280 fs of the AX dynamics (symbols) fitted by a linear
147  function (line), showing linear dependence with pump fluence. (d) Fitted time constants

148  from the fitted curves in (b).
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Supplementary Fig. 11a shows the TR spectra of the 40 nm thick WSe> flake under
different pump fluences. AX peak dynamics taken at the positive maxima (£ =1.67 eV)
are shown in Supplementary Fig. 11b (circles). The TR signal amplitude scales linearly
with the pump fluence (Supplementary Fig. 11¢). This ensures that strong nonlinear
effects associated with high excitation densities, such as the Mott transition and
multiphoton absorption, can be reasonably excluded. Bi-exponential fitting of the
dynamics, shown as solid lines in Supplementary Fig. 11b, well reproduce the
experimental data. The fitted parameters are listed in Supplementary Table 1 and plotted
in Supplementary Fig. 11d. The first process (z;~ 1.5 ps) can be assigned to the exciton
formation process in TMD materials under above bandgap excitation, which also
speeds up with increasing pump fluence. The second process (z2) represents the
interband recombination. Note that ¢, decreases with increasing pump fluence,
indicating that the recombination is dominated by exciton-exciton annihilation (EEA).
We further note that the recombination is significantly slower compared to that in
atomically thin WSe; (~ 4 ps) because of the indirect bandgap nature of thick flakes (d

=40 nm).

Supplementary Table 1. Time constants of AX dynamics of 40 nm thick WSe, flake

under 2.76 eV excitation fitted by bi-exponential function.

Pump fluence(pJ/cm?) t (ps) t2 (ps)
13.68 1.43+0.05 812.65+£25.10
23.04 1.35+0.04 753.91+20.09
29.88 1.3940.033 786.28+17.96
47.88 1.1840.026 732.06+13.51
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Supplementary Figure 12. Pump fluence dependent TR spectra of the 170 nm
thick WSe: flake under 1.47 eV excitation. (a) Representative AR/R spectraat 7= 10
ps. (b-c) Experimental dynamics (cycles) and fitted lines by a bi-exponential function
of LP (b) and UP (c). (d) Minimum intensity at 7 = 0 fs of LP (violet) and UP (red)
dynamics fitted by a linear function (lines), showing linear dependence with pump

fluence. (e-f) Fitted time constants of LP (e) and UP (f) as a function of pump fluence.

We also studied pump fluence dependent polariton dynamics of the 170 nm thick WSe:
flake under 1.47 eV excitation (Supplementary Fig. 12a) using bi-exponential fitting.
The signal amplitudes of both UP and LP show linear dependence with pump fluence
(Supplementary Fig. 12d), confirming that all experiments were carried out within the
linear response regime of the sample. LP and UP dynamics are fitted by bi-exponential
functions (Supplementary Fig. 12b-c). The fitted time parameters are listed in

Supplementary Table 2 and plotted in Supplementary Fig. 12e-f, showing negligible
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dependence with pump fluence. This indicates that the relaxation of polaritons does not

involve many-body interactions like polariton-polariton annihilation (PPA).

The results for the 190 nm thick flake are shown in Supplementary Fig. 13 and

Supplementary Table 3, showing similar trends as that of the 170 nm thick flake.
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Supplementary Figure 13. Pump fluence dependent TR spectra of the 190 nm
thick WSe: flake under 1.47 eV excitation. (a) Representative AR/R spectraat 7= 10
ps. (b-c) Experimental dynamics (cycles) and fitted lines by a bi-exponential function
of LP (b) and UP (c). (d) Minimum intensity at 7= 0 fs of LP (violet) and UP (red)
dynamics fitted by a linear function (lines), showing linear dependence with pump

fluence. (e-f) Fitted time constants of LP (e) and UP (f) as a function of pump fluence.
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194

Supplementary Table 2. Time constants of polariton dynamics of 170 nm thick WSe»

195  flake under 1.47 eV excitation fitted by bi-exponential function.
Pump fluence tLP (ps) tLP (ps) tUP (ps) tYP (ps)
23.32 0.90+0.04 | 948.234+39.50 | 0.85+0.05 | 912.314+62.30
27.00 1.0440.05 | 933.944+42.14 | 0.784+0.05 | 1045.08+83.36
30.68 1.00£0.04 | 1001.891+40.86 | 0.9240.05 | 1054.55+68.24
34.36 0.914+0.03 | 904.574+29.60 | 0.91+0.04 | 908.67+47.33
38.04 0.9340.04 | 905.86+36.15 | 0.974+0.04 | 930.29+45.85
196
197  Supplementary Table 3. Time constants of polariton dynamics of 190 nm thick WSe»
198  flake under 1.47 eV excitation fitted by bi-exponential function.
Pump fluence (uJ/cm?) |  tEP(ps) tLP (ps) tUP (ps) t¥P (ps)
75.78 1.0940.05 | 1034.744+33.45 | 1.02+0.05 | 939.86+89.56
89.08 1.401+0.06 | 1082.54£29.16 | 0.99+0.05 | 887.921+70.87
101.71 1.0940.03 | 1032.30+20.84 | 1.024+0.04 | 951.844+63.38
115.00 1.13£0.04 | 1012.90+21.70 | 0.86£0.03 | 854.324+55.78
128.97 0.9740.04 | 1004.03+24.57 | 0.92+0.03 | 976.82+60.86
199

16 / 32




200

201
202
203
204

205
206
207
208
209
210
211
212
213
214

215

(a) (b)1400

e b e B N
A L SR fous T gror oy TR
E 2 o 12897 pdicm % ool —o—t, ‘
m 4 L g‘ S = B
S 8 6 -
g E  4f
o =2
-8 | P TR N1 B SRR 1 B S A N1 B R 0 PR RETR T ST ST T
0 2 10 100 1000 70 80 90 100 110 120 130
Time delay (ps) Pump fluence (uJd/cm?)

Supplementary Figure 14. Pump fluence dependent dynamics of ER peak of the
190 nm thick flake under 1.47 eV excitation. (a) Experimental dynamics (circles) and
fitted curves by a bi-exponential function (lines) under different pump fluences. (b)

Fitted time constants as a function of pump fluence.

As shown in Supplementary Fig. 14a, ER dynamics of the 190 nm thick WSe> flake
(circles) under 1.47 eV excitation are fitted by a bi-exponential model (line), where ¢,
represents the slow rise process and ¢ corresponds to the recombination process. The
fitted parameters are listed in Supplementary Table 4. We observed that #; increases
with increasing pump fluence. If the rise process is governed by PPA from LP, #; would
be expected to decrease as the pump fluence increases, which contrasts with our
experimental observations. This indicates that this slow rise is dominated by phonon
assisted scattering. The increase of #; can be explained by the effect of phonon
bottleneck, which usually limits fast polariton relaxation.® Similarly, it hinders the
population transfer to ER due to the limited number of phonons.® ’ £, decreases with

increasing pump fluence, indicative of an EEA dominated process.
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216  Supplementary Table 4. Time constants of ER dynamics of the 190 nm thick WSex

217  flake under 1.47 eV excitation fitted by a bi-exponential function.

Pump fluence (uJ/cm?) t1(ps) t,(ps)
75.78 2.314+0.18 1330.06+35.88
89.08 2.77+0.26 1343.54440.32
101.71 4.00+0.25 1264.661+29.23
115.00 5.39+0.50 1215.684+32.03
128.97 3.85+0.24 1140.85+23.91
218
219
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Supplementary Figure 15. Pump fluence dependent TR spectra of the 170 nm
thick WSe: flake under 2.76 eV excitation. (a) Representative AR/R spectraat 7= 10
ps. (b) Experimental dynamics (cycles) and fitted lines by a bi-exponential function of
ER. (¢) Minimum intensity at 7 = 0 fs of ER dynamics (symbols) fitted by a linear
function (lines), showing linear dependence with pump fluence. (d) Fitted time

constants of ER as a function of pump fluence.
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Supplementary Figure 16. Pump fluence dependent TR spectra of the 190 nm
thick WSe: flake under 2.76 eV excitation. (a) Representative AR/R spectraat 7= 10
ps. (b) Experimental dynamics (cycles) and fitted lines by a bi-exponential function of
ER. (¢) Minimum intensity at 7 = 0 fs of ER dynamics (symbols) fitted by a linear
function (lines), showing linear dependence with pump fluence. (d) Fitted time

constants of ER as a function of pump fluence.

We analyze the ER dynamics of 170 nm thick WSe> flake under 2.76 eV excitation
using a tri-exponential fitting (Supplementary Fig. 15b). The signal amplitudes of ER
show linear dependence with pump fluence (Supplementary Fig. 15¢), confirming that
all experiments were carried out within the linear response regime of the sample. The

fitted time parameters are listed in Supplementary Table 5 and plotted in Supplementary
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Fig. 15d. #; stands for the fastest relaxation process: exciton formation, and ¢3
corresponds to the EEA dominated recombination process, respectively. We note that
the relaxation dynamics of the bare AX in thinner, non-polariton flakes are not a tri-
exponential process as observed in the strongly coupled samples. The emergence of the
new fitting parameter #> in the latter indicates the presence of an additional relaxation
channel. As shown in Supplementary Fig. 15d, 7> remains essentially unchanged as the
pump fluence increases. This indicates that this new relaxation channel is not strongly
correlated with the photoexcited exciton density, and further suggests that the exciton-

exciton scattering effect may not dominate the scattering process from the ER to the LP.

The results for the 190 nm thick flake are shown in Supplementary Fig. 16 and

Supplementary Table 6, showing similar trends as that of the 170 nm thick flake.

Supplementary Table 5. Time constants of ER dynamics of 170 nm thick WSe; flake

under 2.76 eV excitation fitted by tri-exponential function.

Pump fluence (uJ/cm?) t1(ps) t2(ps) t3(ps)
22.95 1.10£0.02 14.93+1.50 1107.66+153.01
43.20 1.184+0.02 16.82+1.34 1092.01+130.40
60.74 1.21£0.02 16.35+1.25 1078.72+130.44
80.99 1.314+0.02 16.09+1.33 992.35+131.34
101.24 1.40£0.03 17.44%1.61 959.92+138.91
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254  Supplementary Table 6. Time constants of ER dynamics of 190 nm thick WSe; flake

255  under 2.76 eV excitation fitted by tri-exponential function.

Pump fluence (uJ/cm?) t1(ps) to(ps) t3(ps)
11.88 1.0710.02 13.69+1.21 1322.58+111.86
19.08 1.10+0.04 12.48+1.90 1586.774+249.45
26.28 1.17£0.03 15.65+1.93 1133.214109.20
33.48 1.1710.03 14.37+1.49 1074.601+86.89
40.68 1.2240.02 15.62+1.66 1066.71+79.46
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258  Supplementary Figure 17. Average lifetime of ER of the 190 nm thick flake and
259  AX of the 40 nm thick flake under 2.76 eV excitation. t;0, is more than two times

260  larger than t;jg and tzg under similar excitation pump fluence.
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Supplementary Figure 18. Pump fluence dependent dynamics of LP of 170 nm
thick flake under 2.76 eV excitation. (a) Experimental dynamics (cycles) and fitted
lines by a tri-exponential function (lines) under different pump fluence. (b) Fitted time

constants as a function of pump fluence.

We analyze the LP dynamics of 170 nm thick WSe:> flake under 2.76 eV excitation using
a tri-exponential fitting (Supplementary Fig. 18a). The fitted time parameters are listed
in Supplementary Table 7 and plotted in Supplementary Fig. 18b. #; is the intraband
relaxation process from high momentum state to the k; = 0 state. 7> represents for the
scattering process from ER to LP and shows no obvious pump fluence dependences.
This observation further indicates that the exciton-exciton scattering effect may not
dominate the scattering process from the ER to the LP. #; decreases with increasing
pump fluence, originating from the gradual enhancement of exciton-polariton

interactions.
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276  Supplementary Table 7. Time constants of LP dynamics of 170 nm thick WSe; flake

277  under 2.76 eV excitation fitted by tri-exponential function.

Pump fluence (uJ/cm?) t1(ps) to(ps) t;(ps)
22.95 2.31%0.18 11.62+0.40 979.64+24.41
43.20 2.77£0.26 11.014+0.42 885.98+22.04
60.74 4.00+0.25 10.414£0.42 802.18+18.86
80.99 5.391+0.50 11.27+0.53 724.22420.61
101.24 3.85+0.23 10.5440.58 656.55+20.37
278
279
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Section 4. LP and UP dynamics at different probe energies.
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Supplementary Figure 19. LP and UP dynamics at different probe energies. (a,b)
TR spectrum at 7= 10 ps of the 170 nm thick WSe> flake under 2.76 eV excitation from
1.50 ~ 1.65 eV (a) and 1.60 ~ 1.90 eV (b). (c) LP dynamics at different energies
corresponding to the circles and dashed lines in (a). (d) UP dynamics at different

energies corresponding to the circles and dashed lines in (b).

We extracted and compared different LP dynamics at different energy positions, as
shown in Supplementary Fig. 19a-b. A second rise process is observable at all traces.
We observed that as the energy position approaches the ER peak, the extracted

dynamics at 3~20 ps (red shaded in Supplementary Fig. 19c) become increasingly
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influenced by the superposition effect of the ER, resulting in less pronounced rising
dynamics before 10 ps. In contrast, when comparing the dynamics at different positions
across the LP negative peak, significant differences are only observed within the initial
2 ps—where the LP and ER peaks shift most drastically. These suggest that the
dynamics after 2 ps extracted from LP negative peak are suitable to present the intrinsic

changes in the LP population.

As for UP dynamics, we found that the dynamics of the UP positive and negative peaks
differ significantly, indicating that the UP positive peak is strongly modulated by the
BX signal. However, the second rise process is also observable in the dynamics
extracted from the negative signal. This suggests the presence of a scattering channel

from the ER to the UP, occurring at the same time as that to LP.
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Section 5. Raman spectra of the thick WSe; flakes.

A &E! ! — 170 nm

Intensity (a.u.)

100 200 300 400
Raman shift (cm™)
Supplementary Figure 20. Raman spectra of 170 nm (red) and 190 nm (blue) thick

flake under 633 nm excitation.

To identify the phonon modes involved in the scattering processes, we measured the
Raman spectra of the samples. In both samples, we observed four main Raman peaks
at 137,250, 256, and 394 cm™!. Only the 250 cm™! peak is attributed to the superposition
of the optical phonon modes Ezlg and A;g4 (which are very close in frequency),® and
others are all acoustic phonon modes (4,5, — LA(M) at 137 cm™!, 2LA(M) at256 cm
! and 3LA(M) at394 cm™).® Compared with monolayer WSe,, the Raman intensities
of optical phonon peaks in WSe: flakes are significantly reduced, while features
associated with acoustic phonons become more pronounced.® ° This suggests that
scattering processes involving acoustic phonons play an important role in the electron—

phonon interactions in our samples.
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Section 6. Overlap of LP and ER peaks

(a) (b)

AR/R
AR/R

E E

Supplementary Figure 21. Schematic diagrams of overlaps in blue detuned (a) and
no detuning (b) flakes. The black dashed lines represent for the ER negative peak
positions. ER negative peak become a positive dip in blue detuned simulation, but

remain negative in no detuning one.

For the 170 nm thick flake, the positive dip (marked with red arrow in the zoom-
in spectra in Fig. 3c) first emerges at 1.63 eV, decays rapidly within 2 ps, and then
converts into a negative bleaching signal. In contrast, the response of ER of 190 nm
thick flake at 1.61 eV is a negative signal at the beginning. We attribute this difference
to the different exciton-cavity detuning and thus different spectral overlaps of the LP
positive peak and the ER negative peak for the two flakes. For the 190 nm thick flake,
the LP-ER energy difference is 97 meV, and thus there is no significant overlap.
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Accordingly, ER appears negative after pump excitation and its dynamics exhibit a
rapid rise and following a unique rapid decay process within the first 300 fs (blue line

in Fig. 3g).

This makes the ER signal positive after pump excitation but still with a dip
pointing to the negative (marked by red arrow in Fig. 3¢ inset). This also explains the
weaker ER signal in the 170 nm thick flake compared to that of 190 nm thick flake. The
initial dynamics at 1.63 eV (the ER negative peak position) is thus dominated by the
strong, positive LP signal because it is resonantly excited. ER bleaching signal only

becomes evident after the rapid relaxation of the LP signal.

Section 7. Polariton lifetime calculation

The lifetimes of UP (7yp) and LP (7;p) are determined by the weighted

superposition of the lifetimes of cavity mode and exciton'”, that is,

1 2 aypl?
_ 1Burl® | lave| o
Typ Tx Tc
1 2 agpl?
1 _ 1Bl lawl -
TLp Tx Tc

where |ayp /Lp|2 and |Byp /LP|2 are the photon and exciton fraction in UP/LP,
respectively (Fig. 2b and Supplementary Fig. 2b-c). 7y is the exciton lifetime which
is determined to be 750 ps by the ultrafast TR spectroscopic measurement

(Supplementary Fig. 11). 7. is the lifetime of the cavity mode of flakes, given by

Tc = yﬁ, where h is the reduced Planck constant and y. is the half width at half
Cc

maximum of the Lorentzian resonance of the calculated cavity mode in Supplementary

Fig. 1. The parameters used for the calculations and the corresponding results are
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352  presented in Supplementary Table 2. The results suggest that the polariton lifetime is

353  dominantly determined by the short-lived cavity mode.

354
355 Supplementary Table 8. Parameters and results of polariton lifetime calculation.
Thickness y T T T T
lawel® | 1Bupl? | lawpl® | 1Bupl® | ¢ | C |
(nm) (meV) | (fs) | (ps) | (fs) | (f5)
170 0.17 | 0.83 0.83 0.17 71 93 | 750 | 544 | 11.1
190 0.52 | 048 | 0.48 0.52 76 87 | 750 | 16.7 | 18.0
356
357
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