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The inequivalent k-valleys in monolayers of transition metal dichalcogenides (TMDs)
can be selectively addressed via circularly polarized light [1]. Here, by performing four-
wave mixing (FWM) micro-spectroscopy [2], we measure ultrafast coherence and inter/intra
valley population dynamics of neutral excitons in monolayers of WSe2. Due to the signif-
icant optical absorption [3] in TMD monolayers, stemming from the large exciton biding
energies in the few 100 meV range, the excitonic FWM can be driven with a low reso-
nant intensity: we inject around 100 photons per pump pulse, creating a career density
of 108...9 cm−2. From the measured coherence dynamics (see Fig. 1, left) we retrieve a
dephasing time T2 = (0.21 ± 0.03) ps, corresponding to the homogenous linewidth of
γ = h̄/T2 = (3.13 ± 0.45) meV. To selectively measure the intra-valley exciton lifetime
Tintra and inter-valley scattering time Tinter, we infer the population evolution by driving
the FWM with co- and cross-circular resonant laser pulses: E1 and E2 with respect to
E3, respectively (see Fig. 1). An example of such a dynamics is shown in Fig. 1 (right),
revealing Tintra = (0.5± 0.1) ps and Tinter = (2±1 )ps. A longer decay Tleak = (17± 1) ps,
equally detected for both polarization configurations, is attributed to the residual FWM
produced via leakage toward a neighboring dark exciton state in a spin-orbit split con-
duction band. Our preliminary results pave the way towards implementation of optical
coherent control schemes in valley-tronics and emerging quantum dots based on TMDs [4].
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Figure 1: Left: Measured coherence dynamics (black circles) and fitted exponential de-
cay convoluted with a laser temporal pulse-shape (grey line, FWHM of 0.3 ps). Right:
Population dynamics measured in co- (green circles) and cross-circular (blue squares)
polarization. Pulse sequences generated in the FWM experiments are depicted in insets.


