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Electronic band structure and van der Waals coupling of
ReSe2 revealed by high-resolution angle-resolved
photoemission spectroscopy

The layered transition metal dichalcogenides (LTMD) family includes a rich palette of superconductors, metals
and semiconductors with direct and indirect gaps [1], and offers fascinating possibilities for the realization of
nanoscale electronic, optoelectronic and photonic devices through the assembly of heterostructures [2]. Within
this group, ReSe2 (and closely related ReS2) is an unusual LTMD with only one symmetry operation —
inversion, which is preserved even in monolayers (as opposed to, for example, MoS2 [1]). In ReSe2, the low
symmetry arises due to a distortion — shift of the metal ions away from their positions in the centres of
octahedrons formed by the selenium atoms — what leads to the formation of characteristic quasi-1D in-plane
rhenium ‘chains’ [3].

Using direct nanoscale angle-resolved photoemission spectroscopy supported by density functional
calculations, we study the electronic band structure of bulk ReSe2 [4]. We find a highly anisotropic in- and out-
of-plane electronic structure. In the plane, the effective mass doubles its value perpendicular to the rhenium
chains as compared to the value along the chains. Also, the interlayer van der Waals coupling generates
significant electronic dispersion normal to the layers. Interestingly, we find that the valence band maxima are
located away from the ' point (including a shift along the kz-axis) but not in any particular high-symmetry
direction.
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