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Supplementary Figure 1: Excitonic linewidth and lifetime in WSes. Temperature de-
pendence of the linewidth and lifetime of the A exciton in WSey as a function of temperature.
The red and black points correspond to the minimum and maximum limits of the homogeneous
linewidths extracted from experiment, respectively (see Methods section). The thick red line shows
the total linewidth consisting of the single contributions from the radiative decay 7yaq (blue) and
non-radiative decay including intravalley exciton-phonon coupling ygff aq (Orange) as well as in-
tervalley coupling ’yﬁﬁ_rad and ’yigff_lrad (dashed orange). Note that the latter contribution is very

small.

Supplementary Note 1 - Homogeneous linewidth in WSes

In Fig. S1 we show the computed and measured excitonic linewidth for monolayer WSes.

Fitting our results to the form v =~y + ;T + %2 o, we obtain vy =6.4 meV (consisting of
2.8 meV due to radiative decay), ¢; =56 1 eV Kfl ,_02 =9.4meV and €2 =15meV. According
to our calculations, the dark K — A exciton states are energetically located approximately
70meV below the bright states in K — K valley. The strong impact of scattering into
these states even at very low temperatures again illustrates the clear distinction between

molybdenum and tungsten based TMDs. Comparing the linewidth at low temperatures with

those in WSy, cf. Fig. 3 (a) in the main manuscript, we find an even greater homogeneous



broadening due to the emission of A phonons. This effect originates from the lower phonon

energies in WSes [1].
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