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Figure S1: Sample Characterization1
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Figure S1. Optical image of the samples used for this work. (a) and (b) are images of the 0° and 60° stacking angle 
samples respectively. (c-d) Second Harmonic Generation (SHG) analysis confirming the relative orientation of WS2 
and WSe2 monolayers to be 0° and 60 respectively. (e-f) Adsorption spectra for the two samples. The sample in panel 
(a) is the same sample used in Ref.1.
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Figure S2: PL spectrum multipeak fitting



Figure S3: Diffusion Measurements



Figure S4: Diffusion Measurements

Figure S4. Spatially resolved PL emission from 0° stacking angle sample. Each image is taken at different 
temperatures, ranging from 30 K to 180 K. The scale bar is 2 m.



Figure S5: Exciton Diffusion single layer

Figure S5. To estimate the exciton diffusivity at cryogenic temperature in monolayer we measure the dark exciton 
dynamic through their spectrally well separated phonon side-bands (PSB12. (a)PL spectra of WSe2 (blue) and PSB 
only (orange). Spatially(b) and (c) time resolved PL from PSB of isolated WSe2 crystal The extracted diffusion 
length and lifetime are reported in the insets. The calculated Diffusivity is D = 1.35 cm2/s 
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Figure S6 PL spectra of a WSe2 monolayer measured at two different illumination intensities. Notably, a biexciton 
peak3 emerges exclusively under high-power illumination conditions, whereas at the lower power settings utilized 
for our interlayer exciton (IX) experiments, this feature is absent.



Figures S7-S8-S9: Additional details on DFT Calculations
A. Moiré potential using unit-cell calculations

The unit-cell lattice-constants of the WS2 and WSe2 are 3.18 and 3.32 Å, respectively. The 
lattice mismatch (about 4%) gives rise to a moiré when WS2 and WSe2 are stacked together 
even without a twist angle. We extract the moiré potential using the approach discussed in the 
main text. We also strain both the layer (isotropic tensile strain for WS2 and compressive strain 
for WSe2) and set the unit-cell lattice to 3.25 Å. We find that the qualitative moiré potential 
differences between 0◦ and 60◦ stacking match the experiments (see Fig. S7). However, these 
unit-cell calculations that do not include atomic reconstructions hugely underestimate the moiré 
potential for exciton hopping (which were shown in the main text). All the calculations are 
performed with the Quantum ESPRESSO package4. 

B. Moiré potential extraction from twisted bilayer 

We develop a simple scheme to compute the moiré potential using large-scale DFT calculations 
by taking into account the full atomic reconstructions. In this approach, we explicitly consider 
the localization of the electronic wave functions and extract the local band gap for different 
high symmetry stacking regions. To illustrate this, we plot the electronic wave function |ψΓ|2 
for several bands near the band gap (see Fig. S8). The valence bands are marked as V1, V2,... 
. V1 corresponds to Valence Band Maximum (VBM). Similarly, the conduction bands are 
marked as C1, C2,... . C1 corresponds to Conduction Band Minimum (CBM). The local band 
gap at the red diamond stacking is 0.775 eV and obtained from V2 and C1 bands. The local 
band gap at the orange diamond stacking is 0.843 eV and obtained from V1 and C4 bands. The 
local band gap at the green diamond stacking is 0.963 eV and obtained from V3 and C4 bands. 
Similarly, we obtain the local band-gaps for 0◦ twisted WS2/WSe2 heterobilayer.





C. Moiré movements at different times

Figure S10 Phason dispersion fitted with a linear function (green dashed line) to extract the phason group velocity 
near the  point. The parabolic dispersion makes the fitting less accurate approaching .
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