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Two-dimensional  semiconductors  of  the  transition  metal  dichalcogenide  family  are  chemically  stable
materials,  whose  isolated  monolayers  lack  a  point  of  inversion  symmetry.  This  leads  to  a  spin-valley
correlation and allows for spin- and valley-selective electronic excitation with circularly polarized light. Here,
we show that even in bulk, where a point of inversion symmetry exists in between layers, a spin-selective
excitation  can  be  achieved,  which  suggests   the  suitability  of  multilayer  TMDCs  for  novel  spin-  and
valleytronic  device  concepts.  We present  our  advances  in  understanding  electronic  scattering  processes
following photoexcitation in TMDC semiconductors and describe our efforts in quantifying electron-phonon
scattering through the time- and momentum-resolved measurement of phonon populations.

Whereas spin-valley correlations should be forbidden in inversion symmetric materials,  recent theoretical
work suggests that local symmetries within the unit cell can lift the spin degeneracy of electronic bands.
Employing time- and angle-resolved photoelectron spectroscopy (trARPES), we observe spin-, valley- and
layer-polarized excited state populations in bulk WSe2 upon excitation with circularly polarized laser pulses
[1].  Following  the  excitation,  we  find  that  carriers  rapidly  scatter  towards  the  global  minimum  of  the
conduction band. TDDFT reveals the character of the conduction band, into which electrons are initially
excited, to be two-dimensional and localized within individual layers, whereas at the global minimum of the
conduction band, states have a three-dimensional character, facilitating interlayer charge-transfer. 

Subsequent  to  the  fast  inter-valley  scattering,  electrons  cool  down within  the  valleys  around the  global
minimum of the conduction bands by the emission of phonons. We study the dynamics of phonon populations
with time and momentum resolution by femtosecond electron diffraction and observe strong differences in
coupling strength between electrons and phonons of different momenta [2].  The population dynamics are
understood through the availability of electronic scattering channels and are in qualitative agreement with
DFT calculations of the electron-phonon coupling strength.
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