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Raman spectra of TMDCs have been reported for several decades. The first-order Raman
process in TMDCs has been widely investigated and is now well understood. However, the
study of second-order Raman spectra did not yet give consistent assignments for different
TMDCs. We study the second-order Raman process of monolayer TMDCs, by combining ab
initio density functional perturbation calculations with experimental Raman spectroscopy and
electron-phonon Wannier (EPW) method [1-4]. The calculated electronic band structure and
the density of states show that the resonance Raman process occurs at the M point in the
Brillouin zone (Figure 1), where a strong optical absorption occurs due to a logarithmic Van
Hove singularity of the electronic density of states. The double resonance Raman process with
intervalley electron-phonon coupling connects two of the three inequivalent M points in the
Brillouin zone, giving rise to second-order Raman peaks due to the M-point phonons. The
calculated vibrational frequencies and laser-energy dependent Raman spectra of the second-
order Raman spectra agree with the observed laser-energy-dependent Raman shifts in the
experiment. We also predicted the helicity dependence of the double resonant Raman modes.

Figure 1. (left) Optical absorption in the Brillouin zone at a certain laser energy. (right) The
schematics of the double resonance process (electron-photon and electron-phonon processes).
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