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Section 1. FP cavity mode calculation and angle resolved spectra of the 33 

self-hybridized WSe2. 34 

 35 

Supplementary Figure 1. FP cavity modes calculated using the transfer matrix 36 

method (TMM). (a) Schematic diagram of the sample structure, where n is the 37 

refractive index of the material and d represents the thickness of the layered material. 38 

(b,c) FP cavity modes in 190 nm (b) and 40 nm (c) thick layered material. The white 39 

and blue dashed lines indicate the energies of the A and B excitons, respectively. (d) 40 

Reflectance spectra of the cavity modes extracted from (b) and (c) at θ = 0˚ and 50˚.  41 

The FP cavity modes in a layer with thicknesses of d = 190 nm and 40 nm, calculated 42 

based on the sample configuration in Supplementary Fig. 1a, are presented in 43 

Supplementary Fig. 1b and 2c, respectively. We use n = 4.6 without exciton resonance 44 

to mimic the responses of WSe2. The FP cavity mode satisfies 2𝑛𝑑 = (𝑚 +
𝜑(𝜆)

2π
)λ, 45 

where 𝜑(𝜆) is the total phase shift introduced by reflections at the upper and lower 46 
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interfaces.1, 2 The 0th order mode arises because the sample thickness d1 is much smaller 47 

than its resonant wavelength (d = 190 nm, 𝜆zeroth order  = 3875 nm; d = 40 nm, 48 

𝜆zeroth order = 1083 nm), making it a resonance determined primarily by the interfacial 49 

reflection phase shifts.3, 4 As a result, this mode exhibits no dispersion, as shown in 50 

Supplementary Fig. 1d, where the resonance peak energies at θ = 0˚ and 50˚ coincide. 51 

The phase shifts for the 0-order mode in the layer with thicknesses of 190 nm and 40 52 

nm are 0.91π and 0.68π, respectively. For the 190 nm thick sample, the phase shifts of 53 

the first- to third-order modes are 𝜑(1272 nm) = 0.75π, 𝜑(757.5 nm) = 0.62π, and 54 

𝜑(535.6 nm) = 0.53π. The second order mode of 190 nm thick cavity is resonant with 55 

AX of WSe2, ensuring an efficient exciton-cavity coupling. The energy difference 56 

between the cavity mode at 40 nm and the AX energy in WSe2 is 500 meV, which is 57 

greater than the Rabi splitting value of 190 meV in the strong coupling system. 58 

Therefore, this cavity mode does not strongly couple with the AX. 59 

 60 

Supplementary Figure 2. Angle-resolved reflectance spectra of the 170 nm thick 61 

WSe2 flake. (a) Color maps of experimentally measured angle-resolved reflectance 62 

spectra. The calculated UP, LP, cavity mode and uncoupled AX energy positions are 63 

presented by dashed lines. (b-c) Fractions of excitons (blue) and cavity photons (red) 64 

in LP (b) and UP (c) of the 170 nm thick flake as a function of incidence angle. Blue 65 
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detuning leads to a significant difference in the exciton-photon fractions between the 66 

UP and LP branches. 67 

 68 

Supplementary Figure 3. Pump pulse spectra. Spectra of 1.47 eV (left) and 2.76 eV 69 

(right) pump light used in TR measurements (red shaded), and steady state reflection 70 

spectra of 5 nm, 170 nm, 190 nm thick WSe2 flakes (lines) at θ = 30°, respectively.  71 

As shown in Supplementary Fig. 3, the 1.47 eV pump beam is filtered using an 825 nm 72 

(1.5 eV) long-pass filter to ensure that only the LP state is excited at an incident angle 73 

of 30°. 74 

  75 
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Section 2. TR spectra of thin WSe2 flakes. 76 

 77 

Supplementary Figure 4. Comparison of TR spectra with steady state reflectance 78 

spectra for 5 nm and 40 nm thick flakes. Steady state reflectance spectra (grey) and 79 

TR spectra at T = 10 ps of the 5 nm (a), and 40 nm (b) thick flakes under 1.47 eV (red) 80 

and 2.76 eV (blue) excitation. Amplitudes of TR signals are normalized by AX positive 81 

peaks intensity maxima. 82 

  83 
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 84 

Supplementary Figure 5. Transient transmission spectra of monolayer WSe2. (a) 85 

Representative transient transmission spectra at selected delay times of monolayer 86 

WSe2 film under 2.76 eV excitation. Positive ground state bleaching (GSB) peak at the 87 

exciton energies and negative peaks resulting from excitation induced dephasing (EID) 88 

effect are observed. (b-c) Peak dynamics (circles) extracted from the positive peak 89 

maximum of AX response (b) at E = 1.7 eV, BX response (c) at E = 2.11 eV, and fitted 90 

curves (lines) using a bi-exponential function. The time constants are listed in the 91 

corresponding figure. 92 

  93 
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 94 

Supplementary Figure 6. Schematic diagrams of different nonlinearities for 95 

semiconductor excitons due to many-body interactions. (a) Pauli blocking (PB) 96 

reduces the transition dipole moment, exhibits a pure bleaching-type signal. (b) 97 

Bandgap renormalization (BGR) redshifts the transition state energy, resulting in a 98 

derivative line shape. (c) Excitation induced shifts (EIS) blueshifts the transition state 99 

energy, resulting in a derivative line shape which is out of phase with BGR line shape. 100 

(d) Excitation induced dephasing (EID) increases the damping rate of the optical 101 

transition, leading to a line shape broadening. The differential spectrum exhibits a 102 

negative peak in the center and positive side lobes on both sides. 103 

  104 
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 105 

Supplementary Figure 7. Schematic diagrams of the nonlinearities for thick WSe2 106 

flakes. (a) Simulated probe reflectance spectra in the presence and absence of pump 107 

pulse (top) composed of Pauli blocking (PB), bandgap renormalization (BGR) and 108 

excitation induced dephasing (EID) effects. These many-body interactions result in a 109 

derivative line shape of the TR spectrum (bottom). (b-c) Experimental probe reflectance 110 

spectra in the presence and absence of pump pulse (top) and the corresponding TR 111 

spectra of 40 nm (b) and 60 nm (c) thick flakes at T = 100 fs.  112 

  113 
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 114 

Supplementary Figure 8. Schematic diagrams of nonlinearities result from Rabi 115 

contraction. Rabi contraction reduces coupling strength due to the Pauli blocking 116 

effect and thus lead to redshift of UP and blueshift of LP.5 In this case, the symmetries 117 

of LP and UP line shapes are opposite. 118 

 119 

Supplementary Figure 9. Transient reflection (TR) spectra of the 5 nm thick WSe2 120 

flake. False-color map (a) and representative R/R spectra at selected times (b) under 121 

2.76 eV excitation. Strong initial EID induced broadening can be observed. With 122 

increasing time delay, the peak becomes narrowed because of the decreased EID effect. 123 
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 124 

Supplementary Figure 10. TR spectra of the 20 nm and 40 nm thick WSe2 flakes 125 

under 2.76 eV excitation, dominated by derivative line shapes. 126 

As shown in Supplementary Fig. 10a, within the first few picoseconds, the AX positive 127 

peak of 20 nm thick flake is much stronger than the negative one. What’s more, there 128 

is a weak negative peak at the high energy side, a feature that is seen for the 5 nm thick 129 

flake (Supplementary Fig. 4a) and the monolayer (Supplementary Fig. 5). However, the 130 

negative signal at 1.72 eV is much weaker compared to that at 1.62 eV, significantly 131 

different from the two thinner flakes. After 5 ps, the intensities of positive (1.67 eV) 132 

and negative (1.62 eV) peaks become comparable. As for 40 nm thick flake 133 

(Supplementary Fig. 10b), the negative signal at high energy side is hardly to be seen. 134 

Hence, we anticipate that for thicker flakes (170 and 190 nm), their TR spectra should 135 

also display derivative line shapes. 136 

  137 
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Section 3. Pump fluence-dependent TR spectra of WSe2 flakes with 138 

different thicknesses. 139 

 140 

Supplementary Fig. 11. Pump fluence-dependent TR spectra of 40 nm thick WSe2 141 

flake under 2.76 eV excitation. (a) Representative R/R spectra at T = 10 ps of the 40 142 

nm thick WSe2 flake under different pump fluences. (b) Peak dynamics (circles) 143 

extracted from the positive peak maximum of AX response at E = 1.67 eV under 144 

different pump fluences and fitted curves (lines) using a bi-exponential function. (c) 145 

Maximum intensity at T = 280 fs of the AX dynamics (symbols) fitted by a linear 146 

function (line), showing linear dependence with pump fluence. (d) Fitted time constants 147 

from the fitted curves in (b). 148 
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Supplementary Fig. 11a shows the TR spectra of the 40 nm thick WSe2 flake under 149 

different pump fluences. AX peak dynamics taken at the positive maxima (E = 1.67 eV) 150 

are shown in Supplementary Fig. 11b (circles). The TR signal amplitude scales linearly 151 

with the pump fluence (Supplementary Fig. 11c). This ensures that strong nonlinear 152 

effects associated with high excitation densities, such as the Mott transition and 153 

multiphoton absorption, can be reasonably excluded. Bi-exponential fitting of the 154 

dynamics, shown as solid lines in Supplementary Fig. 11b, well reproduce the 155 

experimental data. The fitted parameters are listed in Supplementary Table 1 and plotted 156 

in Supplementary Fig. 11d. The first process (t1~ 1.5 ps) can be assigned to the exciton 157 

formation process in TMD materials under above bandgap excitation, which also 158 

speeds up with increasing pump fluence. The second process (t2) represents the 159 

interband recombination. Note that t2 decreases with increasing pump fluence, 160 

indicating that the recombination is dominated by exciton-exciton annihilation (EEA). 161 

We further note that the recombination is significantly slower compared to that in 162 

atomically thin WSe2 (~ 4 ps) because of the indirect bandgap nature of thick flakes (d 163 

= 40 nm). 164 

Supplementary Table 1. Time constants of AX dynamics of 40 nm thick WSe2 flake 165 

under 2.76 eV excitation fitted by bi-exponential function. 166 

Pump fluence(μJ/cm2) t1 (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 1.39±0.033 786.28±17.96 

47.88 1.18±0.026 732.06±13.51 

 167 
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 168 

Supplementary Figure 12. Pump fluence dependent TR spectra of the 170 nm 169 

thick WSe2 flake under 1.47 eV excitation. (a) Representative R/R spectra at T = 10 170 

ps. (b-c) Experimental dynamics (cycles) and fitted lines by a bi-exponential function 171 

of LP (b) and UP (c). (d) Minimum intensity at T = 0 fs of LP (violet) and UP (red) 172 

dynamics fitted by a linear function (lines), showing linear dependence with pump 173 

fluence. (e-f) Fitted time constants of LP (e) and UP (f) as a function of pump fluence. 174 

We also studied pump fluence dependent polariton dynamics of the 170 nm thick WSe2 175 

flake under 1.47 eV excitation (Supplementary Fig. 12a) using bi-exponential fitting. 176 

The signal amplitudes of both UP and LP show linear dependence with pump fluence 177 

(Supplementary Fig. 12d), confirming that all experiments were carried out within the 178 

linear response regime of the sample. LP and UP dynamics are fitted by bi-exponential 179 

functions (Supplementary Fig. 12b-c). The fitted time parameters are listed in 180 

Supplementary Table 2 and plotted in Supplementary Fig. 12e-f, showing negligible 181 
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dependence with pump fluence. This indicates that the relaxation of polaritons does not 182 

involve many-body interactions like polariton-polariton annihilation (PPA). 183 

The results for the 190 nm thick flake are shown in Supplementary Fig. 13 and 184 

Supplementary Table 3, showing similar trends as that of the 170 nm thick flake. 185 

 186 

Supplementary Figure 13. Pump fluence dependent TR spectra of the 190 nm 187 

thick WSe2 flake under 1.47 eV excitation. (a) Representative R/R spectra at T = 10 188 

ps. (b-c) Experimental dynamics (cycles) and fitted lines by a bi-exponential function 189 

of LP (b) and UP (c). (d) Minimum intensity at T = 0 fs of LP (violet) and UP (red) 190 

dynamics fitted by a linear function (lines), showing linear dependence with pump 191 

fluence. (e-f) Fitted time constants of LP (e) and UP (f) as a function of pump fluence. 192 

  193 
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Supplementary Table 2. Time constants of polariton dynamics of 170 nm thick WSe2 194 

flake under 1.47 eV excitation fitted by bi-exponential function. 195 

Pump fluence 

(μJ/cm2) 

𝑡1
𝐿𝑃(ps) 𝑡2

𝐿𝑃(ps) 𝑡1
𝑈𝑃(ps) 𝑡2

𝑈𝑃(ps) 

23.32 0.90±0.04 948.23±39.50 0.85±0.05 912.31±62.30 

27.00 1.04±0.05 933.94±42.14 0.78±0.05 1045.08±83.36 

30.68 1.00±0.04 1001.89±40.86 0.92±0.05 1054.55±68.24 

34.36 0.91±0.03 904.57±29.60 0.91±0.04 908.67±47.33 

38.04 0.93±0.04 905.86±36.15 0.97±0.04 930.29±45.85 

 196 

Supplementary Table 3. Time constants of polariton dynamics of 190 nm thick WSe2 197 

flake under 1.47 eV excitation fitted by bi-exponential function. 198 

Pump fluence (μJ/cm2) 𝑡1
𝐿𝑃(ps) 𝑡2

𝐿𝑃(ps) 𝑡1
𝑈𝑃(ps) 𝑡2

𝑈𝑃(ps) 

75.78 1.09±0.05 1034.74±33.45 1.02±0.05 939.86±89.56 

89.08 1.40±0.06 1082.54±29.16 0.99±0.05 887.92±70.87 

101.71 1.09±0.03 1032.30±20.84 1.02±0.04 951.84±63.38 

115.00 1.13±0.04 1012.90±21.70 0.86±0.03 854.32±55.78 

128.97 0.97±0.04 1004.03±24.57 0.92±0.03 976.82±60.86 

 199 
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 200 

Supplementary Figure 14. Pump fluence dependent dynamics of ER peak of the 201 

190 nm thick flake under 1.47 eV excitation. (a) Experimental dynamics (circles) and 202 

fitted curves by a bi-exponential function (lines) under different pump fluences. (b) 203 

Fitted time constants as a function of pump fluence. 204 

As shown in Supplementary Fig. 14a, ER dynamics of the 190 nm thick WSe2 flake 205 

(circles) under 1.47 eV excitation are fitted by a bi-exponential model (line), where t1 206 

represents the slow rise process and t2 corresponds to the recombination process. The 207 

fitted parameters are listed in Supplementary Table 4. We observed that t1 increases 208 

with increasing pump fluence. If the rise process is governed by PPA from LP, t1 would 209 

be expected to decrease as the pump fluence increases, which contrasts with our 210 

experimental observations. This indicates that this slow rise is dominated by phonon 211 

assisted scattering. The increase of t1 can be explained by the effect of phonon 212 

bottleneck, which usually limits fast polariton relaxation.6 Similarly, it hinders the 213 

population transfer to ER due to the limited number of phonons.6, 7 t2 decreases with 214 

increasing pump fluence, indicative of an EEA dominated process. 215 
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Supplementary Table 4. Time constants of ER dynamics of the 190 nm thick WSe2 216 

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

Pump fluence (μJ/cm2) 𝑡1(ps) 𝑡2(ps) 

75.78 2.31±0.18 1330.06±35.88 

89.08 2.77±0.26 1343.54±40.32 

101.71 4.00±0.25 1264.66±29.23 

115.00 5.39±0.50 1215.68±32.03 

128.97 3.85±0.24 1140.85±23.91 

 218 

  219 
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 220 

Supplementary Figure 15. Pump fluence dependent TR spectra of the 170 nm 221 

thick WSe2 flake under 2.76 eV excitation. (a) Representative R/R spectra at T = 10 222 

ps. (b) Experimental dynamics (cycles) and fitted lines by a bi-exponential function of 223 

ER. (c) Minimum intensity at T = 0 fs of ER dynamics (symbols) fitted by a linear 224 

function (lines), showing linear dependence with pump fluence. (d) Fitted time 225 

constants of ER as a function of pump fluence. 226 
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 227 

Supplementary Figure 16. Pump fluence dependent TR spectra of the 190 nm 228 

thick WSe2 flake under 2.76 eV excitation. (a) Representative R/R spectra at T = 10 229 

ps. (b) Experimental dynamics (cycles) and fitted lines by a bi-exponential function of 230 

ER. (c) Minimum intensity at T = 0 fs of ER dynamics (symbols) fitted by a linear 231 

function (lines), showing linear dependence with pump fluence. (d) Fitted time 232 

constants of ER as a function of pump fluence. 233 

We analyze the ER dynamics of 170 nm thick WSe2 flake under 2.76 eV excitation 234 

using a tri-exponential fitting (Supplementary Fig. 15b). The signal amplitudes of ER 235 

show linear dependence with pump fluence (Supplementary Fig. 15c), confirming that 236 

all experiments were carried out within the linear response regime of the sample. The 237 

fitted time parameters are listed in Supplementary Table 5 and plotted in Supplementary 238 
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Fig. 15d. t1 stands for the fastest relaxation process: exciton formation, and t3 239 

corresponds to the EEA dominated recombination process, respectively. We note that 240 

the relaxation dynamics of the bare AX in thinner, non-polariton flakes are not a tri-241 

exponential process as observed in the strongly coupled samples. The emergence of the 242 

new fitting parameter t2 in the latter indicates the presence of an additional relaxation 243 

channel. As shown in Supplementary Fig. 15d, t2 remains essentially unchanged as the 244 

pump fluence increases. This indicates that this new relaxation channel is not strongly 245 

correlated with the photoexcited exciton density, and further suggests that the exciton-246 

exciton scattering effect may not dominate the scattering process from the ER to the LP. 247 

The results for the 190 nm thick flake are shown in Supplementary Fig. 16 and 248 

Supplementary Table 6, showing similar trends as that of the 170 nm thick flake. 249 

Supplementary Table 5. Time constants of ER dynamics of 170 nm thick WSe2 flake 250 

under 2.76 eV excitation fitted by tri-exponential function. 251 

Pump fluence (μJ/cm2) 𝑡1(ps) 𝑡2(ps) 𝑡3(ps) 

22.95 1.10±0.02 14.93±1.50 1107.66±153.01 

43.20 1.18±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 1.31±0.02 16.09±1.33 992.35±131.34 

101.24 1.40±0.03 17.44±1.61 959.92±138.91 

 252 

  253 
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Supplementary Table 6. Time constants of ER dynamics of 190 nm thick WSe2 flake 254 

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

Pump fluence (μJ/cm2) 𝑡1(ps) 𝑡2(ps) 𝑡3(ps) 

11.88 1.07±0.02 13.69±1.21 1322.58±111.86 

19.08 1.10±0.04 12.48±1.90 1586.77±249.45 

26.28 1.17±0.03 15.65±1.93 1133.21±109.20 

33.48 1.17±0.03 14.37±1.49 1074.60±86.89 

40.68 1.22±0.02 15.62±1.66 1066.71±79.46 

 256 

 257 

Supplementary Figure 17. Average lifetime of ER of the 190 nm thick flake and 258 

AX of the 40 nm thick flake under 2.76 eV excitation. 𝑡avg
40  is more than two times 259 

larger than 𝑡avg
170 and 𝑡avg

190 under similar excitation pump fluence. 260 
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 261 

Supplementary Figure 18. Pump fluence dependent dynamics of LP of 170 nm 262 

thick flake under 2.76 eV excitation. (a) Experimental dynamics (cycles) and fitted 263 

lines by a tri-exponential function (lines) under different pump fluence. (b) Fitted time 264 

constants as a function of pump fluence. 265 

We analyze the LP dynamics of 170 nm thick WSe2 flake under 2.76 eV excitation using 266 

a tri-exponential fitting (Supplementary Fig. 18a). The fitted time parameters are listed 267 

in Supplementary Table 7 and plotted in Supplementary Fig. 18b. t1 is the intraband 268 

relaxation process from high momentum state to the 𝑘∥ = 0 state. t2 represents for the 269 

scattering process from ER to LP and shows no obvious pump fluence dependences. 270 

This observation further indicates that the exciton-exciton scattering effect may not 271 

dominate the scattering process from the ER to the LP. t3 decreases with increasing 272 

pump fluence, originating from the gradual enhancement of exciton-polariton 273 

interactions. 274 

  275 
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Supplementary Table 7. Time constants of LP dynamics of 170 nm thick WSe2 flake 276 

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

Pump fluence (μJ/cm2) 𝑡1(ps) 𝑡2(ps) 𝑡3(ps) 

22.95 2.31±0.18 11.62±0.40 979.64±24.41 

43.20 2.77±0.26 11.01±0.42 885.98±22.04 

60.74 4.00±0.25 10.41±0.42 802.18±18.86 

80.99 5.39±0.50 11.27±0.53 724.22±20.61 

101.24 3.85±0.23 10.54±0.58 656.55±20.37 

 278 

  279 
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Section 4. LP and UP dynamics at different probe energies. 280 

 281 

Supplementary Figure 19. LP and UP dynamics at different probe energies. (a,b) 282 

TR spectrum at T = 10 ps of the 170 nm thick WSe2 flake under 2.76 eV excitation from 283 

1.50 ~ 1.65 eV (a) and 1.60 ~ 1.90 eV (b). (c) LP dynamics at different energies 284 

corresponding to the circles and dashed lines in (a). (d) UP dynamics at different 285 

energies corresponding to the circles and dashed lines in (b). 286 

We extracted and compared different LP dynamics at different energy positions, as 287 

shown in Supplementary Fig. 19a-b. A second rise process is observable at all traces. 288 

We observed that as the energy position approaches the ER peak, the extracted 289 

dynamics at 3~20 ps (red shaded in Supplementary Fig. 19c) become increasingly 290 
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influenced by the superposition effect of the ER, resulting in less pronounced rising 291 

dynamics before 10 ps. In contrast, when comparing the dynamics at different positions 292 

across the LP negative peak, significant differences are only observed within the initial 293 

2 ps—where the LP and ER peaks shift most drastically. These suggest that the 294 

dynamics after 2 ps extracted from LP negative peak are suitable to present the intrinsic 295 

changes in the LP population. 296 

As for UP dynamics, we found that the dynamics of the UP positive and negative peaks 297 

differ significantly, indicating that the UP positive peak is strongly modulated by the 298 

BX signal. However, the second rise process is also observable in the dynamics 299 

extracted from the negative signal. This suggests the presence of a scattering channel 300 

from the ER to the UP, occurring at the same time as that to LP. 301 

  302 



 27 / 32 

 

Section 5. Raman spectra of the thick WSe2 flakes. 303 

 304 

Supplementary Figure 20. Raman spectra of 170 nm (red) and 190 nm (blue) thick 305 

flake under 633 nm excitation. 306 

To identify the phonon modes involved in the scattering processes, we measured the 307 

Raman spectra of the samples. In both samples, we observed four main Raman peaks 308 

at 137, 250, 256, and 394 cm−1. Only the 250 cm-1 peak is attributed to the superposition 309 

of the optical phonon modes 𝐸2𝑔
1  and 𝐴1𝑔 (which are very close in frequency),8 and 310 

others are all acoustic phonon modes (𝐴1𝑔 − 𝐿𝐴(𝑀) at 137 cm-1, 2𝐿𝐴(𝑀) at 256 cm-311 

1, and 3𝐿𝐴(𝑀) at 394 cm-1).8 Compared with monolayer WSe2, the Raman intensities 312 

of optical phonon peaks in WSe2 flakes are significantly reduced, while features 313 

associated with acoustic phonons become more pronounced.8, 9 This suggests that 314 

scattering processes involving acoustic phonons play an important role in the electron–315 

phonon interactions in our samples. 316 

  317 
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Section 6. Overlap of LP and ER peaks 318 

 319 

Supplementary Figure 21. Schematic diagrams of overlaps in blue detuned (a) and 320 

no detuning (b) flakes. The black dashed lines represent for the ER negative peak 321 

positions. ER negative peak become a positive dip in blue detuned simulation, but 322 

remain negative in no detuning one. 323 

For the 170 nm thick flake, the positive dip (marked with red arrow in the zoom-324 

in spectra in Fig. 3c) first emerges at 1.63 eV, decays rapidly within 2 ps, and then 325 

converts into a negative bleaching signal. In contrast, the response of ER of 190 nm 326 

thick flake at 1.61 eV is a negative signal at the beginning. We attribute this difference 327 

to the different exciton-cavity detuning and thus different spectral overlaps of the LP 328 

positive peak and the ER negative peak for the two flakes. For the 190 nm thick flake, 329 

the LP-ER energy difference is 97 meV, and thus there is no significant overlap. 330 
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Accordingly, ER appears negative after pump excitation and its dynamics exhibit a 331 

rapid rise and following a unique rapid decay process within the first 300 fs (blue line 332 

in Fig. 3g). 333 

This makes the ER signal positive after pump excitation but still with a dip 334 

pointing to the negative (marked by red arrow in Fig. 3c inset). This also explains the 335 

weaker ER signal in the 170 nm thick flake compared to that of 190 nm thick flake. The 336 

initial dynamics at 1.63 eV (the ER negative peak position) is thus dominated by the 337 

strong, positive LP signal because it is resonantly excited. ER bleaching signal only 338 

becomes evident after the rapid relaxation of the LP signal. 339 

Section 7. Polariton lifetime calculation 340 

The lifetimes of UP ( 𝜏𝑈𝑃 ) and LP ( 𝜏𝐿𝑃 ) are determined by the weighted 341 

superposition of the lifetimes of cavity mode and exciton10, that is, 342 

1

𝜏𝑈𝑃
=

|𝛽𝑈𝑃|2

𝜏𝑋
+

|𝛼𝑈𝑃|2

𝜏𝐶
                                                  (1) 343 

1

𝜏𝐿𝑃
=

|𝛽𝐿𝑃|2

𝜏𝑋
+

|𝛼𝐿𝑃|2

𝜏𝐶
                                                  (2) 344 

where |𝛼𝑈𝑃/𝐿𝑃|2 and |𝛽𝑈𝑃/𝐿𝑃|2 are the photon and exciton fraction in UP/LP, 345 

respectively (Fig. 2b and Supplementary Fig. 2b-c). 𝜏𝑋 is the exciton lifetime which 346 

is determined to be 750 ps by the ultrafast TR spectroscopic measurement 347 

(Supplementary Fig. 11). 𝜏𝐶  is the lifetime of the cavity mode of flakes, given by 348 

𝜏𝐶 =
ℏ

𝛾𝐶
 , where ℏ  is the reduced Planck constant and 𝛾𝐶  is the half width at half 349 

maximum of the Lorentzian resonance of the calculated cavity mode in Supplementary 350 

Fig. 1. The parameters used for the calculations and the corresponding results are 351 



 30 / 32 

 

presented in Supplementary Table 2. The results suggest that the polariton lifetime is 352 

dominantly determined by the short-lived cavity mode. 353 

 354 

Supplementary Table 8. Parameters and results of polariton lifetime calculation. 355 

Thickness 

(nm) 

|𝛼𝐿𝑃|2 |𝛽𝐿𝑃|2 |𝛼𝑈𝑃|2 |𝛽𝑈𝑃|2 
𝛾𝐶 

(meV) 

𝜏𝐶 

(fs) 

𝜏𝑋 

(ps) 

𝜏𝐿𝑃 

(fs) 

𝜏𝑈𝑃 

(fs) 

170 0.17 0.83 0.83 0.17 71 9.3 750 54.4 11.1 

190 0.52 0.48 0.48 0.52 76 8.7 750 16.7 18.0 

 356 

  357 
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