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Atomically thin layers of transition metal dichalcogenides have emerged in the wake of graphene as new class 
of optically active materials. New and exciting optical properties are the result of the two-dimensional carrier 
confinement and a particularly strong Coulomb interaction due to reduced dielectric screening. Many theoretical 
investigations were concerned with band structure and ground-state absorption properties in the framework of 
ab-initio (GW/BSE) calculations. Accessing the emission properties in the presence of excited carriers requires 
to go beyond these methods [1,2]. Our approach combines ab-initio models for the calculation of electronic 
properties with semiconductor many-body theory to describe the dynamics of excited carriers [3] and their 
influence on optical properties [1,2,4].  

For investigations of the carrier dynamics in MoS2 we present results of a quantum-kinetic theory for the carrier-
carrier Coulomb scattering and carrier-phonon scattering. Calculations are based on ab-initio determined band 
structure and interaction matrix elements. Ultrafast relaxation of initial nonequilibrium carrier distributions due 
to optical excitation are demonstrated. Large excess energies of 400meV can be dissipated within a few ten 
femtoseconds due to efficient carrier scattering. Momentum relaxation after resonant excitonic excitation takes 
place on a slower time scale of 1picosecond. 

 
Figure 2: Microscopic characterisation of carrier dynamics. (a) Band structure of monolayer MoS2 as obtained 
from a G0W0 calculation including spin–orbit interaction. The relevant conduction and valence bands are 
marked in colour. Relevant bands with positive and negative z-direction of spin are represented by solid and 
dashed lines, respectively. (b) Band structure of electrons and holes with positive z-direction of spin over the 
full Brillouin zone (BZ) corresponding to the curves in Fig. 2a. The irreducible part of the BZ is highlighted and 
high-symmetry points are shown, where band-structure valleys are depicted in white. (c) Time evolution of the 
carrier populations with positive z-direction of spin on the irreducible part of the BZ after above-band-gap 
excitation. The optical excitation pulse has its peak amplitude at 75 fs. 
We have also determined optical absorption and gain spectra in the presence of excited carriers as well as 
modifications of the optical properties due to strain and different dielectric environments [1,2,4]. 
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Figure 1: Mo atoms (indigo) and S atoms (yellow). The MoS2 monolayer 
forms a direct band-gap semiconductor with strong photoluminescence 
in the visible spectral range. From: Wang et al., MIT-News 22.8.2012. 


