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Fig. S1 Top views of simulated normalized electric field (|E|) distributions of a TE1,60 and b TE2,54 resonances.
In addition to Fig. 1c, d in main text, the top views of simulated modal distributions are given. Since field perturbed by the gratings, the second azimuthal mode has non-zero field away from the whispering gallery mode regions.
Normalized PL mapping images for the spectra of TE1,59 and TE2,53 modes in Fig. 2f, g are significantly diverged, matching well with their simulated field distributions in Fig. 1c and Fig. S1. These are attributed that the WS2-to-mode coupling strength is determined by the local modal intensity where the excited dipoles of WS2 locate. In other words, the map pattern of each resonant mode reflects the in-plane distribution of the confinement factor. 
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Fig. S2 Refractive index  of the monolayer WS2 with the values obtained from Ref. 1.
The values of  and  are applied to main text Equation 2, 4, 5, 7, in order to derive the direct measured data of absorption coefficient spectrum. In the spectrum of , at 640 nm wavelength there is no distinct dip related to the gain, because the measurement of refractive index was conducted for WS2 without any pump1. This  reflects the absorption coefficient at the natural status of monolayer WS2. However, in our work, due to the cavity system is excited by the pump laser, the gain shows in the absorption coefficient spectrum.
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Fig S3. PL spectrum for a microdisk cavity with fully covered WS2 with the radius a of 3.5 μm and b 1.8 μm.

The cavities with full WS2 coverage are fabricated and examined. For the cavity with radius of 3.5 μm, because the cavity size is much larger than pump spot size of ~1 μm, most part of WS2 in the cavity remains absorptive. Total Q factor of this cavity is reduced to trivial, so that in the spectrum of Fig. S3a the mode resonance is absent. In contrast, with the cavity radius reduced to 1.8 μm, the mismatch of cavity size and pump spot size declines. In the cavity emission spectrum in Fig. S3b, resonance peaks are slightly distinct. The mode at 633 nm wavelength has much higher intensity than other two modes at 607 nm and 657 nm, because the gain presents at 630 to 680 nm wavelength. Still, due to high absorption caused by large area of WS2 flake, measuring the  of resonance peaks are difficult and faces large uncertainty. Therefore, for the cavity we report in the main text, the WS2 covering area is limited to be ~3.5 μm × 0.8 μm.
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Fig. S4 a-d  spectrum by the direct measurement (black curve) and the TE1,m modes in the microdisk cavity (red scatters) with different combinations of  and . The  values are shown for TE1,58 mode.

Fig. S4 shows the fitting process with different  and  combinations. Fig. S4a is the same to Fig. 3c in main text, showing the good match between mode-resulted  and directly measured . But as the  and  are varied, the match is deviated. Interestingly, since the 2D-integrated cavities usually provided a  of < 104, we accordingly tested the  of 1.0×104 in Fig. S4 b-d. The fitting using this low  shows a large deviation, indicating  in our work is much higher than 1.0×104.
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Fig. S5 a Power dependent PL spectra of the cavity measured in Fig. 3f in main text. b Power dependent gain-related dip of  spectrum. The red and blue scatters are data of TE1,m and TE2,m modes, respectively. c Exciton concentration nX as a function of generation rate G calculated from the kinetic model.

The input power density is tuned from 66 to 4300 W cm-2, with the PL spectra shown in Fig. S5a. The gain-related exists for the entire power density range, indicating the gain exists at the pump density down to as low as 66 W cm-2 (Fig. S5b). For different azimuthal modes, dip intensities are tuned differently by the pump power. At 630 nm, the intensity decreases as a function of the pump power, while this trend decreases with longer wavelength and reversed at 655nm. 
Differential gain reflects the change of gain as a function of input power density, which is expressed as
								(1)
Where  is the absorption coefficient, and N is the exciton concentration generated by the input power density P. Here we introduce the generation rate G which is related to P by
 								(2)
Where A is the absorptance of the WS2 in hBN cavity, and is calculated considering WS2 in the unpatterned layered structure of hBN/WS2/hBN/SiO2/Si2. The relationship between N and G is derived using the kinetic model3 with electron concentration of 1012 cm-2, as shown in Fig. S5c.
The overall observation is that the dip minimum stays at the same wavelength with increased pump power, which indicates that at the power down to 66 W cm-2, the gain is still clamped. Differential gain also shows nearly no changes except a minor noise at low power density, indicating the gain clamping (Fig. 3f in main text). Gain clamping is the signature of the lasing characteristics, so our 2D-cavity system might be at the lasing status. Second order modes are examined with the same power dependence, showing the similar gain behavior except the noise-induced error is higher than that of first order modes. Although the net gain is not achieved with positive value, it opens the opportunity to study the gain evolution and lasing mechanism in the future works.
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