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Micro-ARPES study of mono- and few-layers TalrTe4
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Two-dimensional materials continue to attract significant interest due to their unique physical
properties and potential applications in future electronic devices. Here, we present micro-focus
angle resolved photoemission (ARPES) measurements from mono- and few-layer TalrTe,. Den-
sity functional theory calculations predict that TalrTe, is a type-II Weyl semimetal in the bulk
and a quantum spin Hall insulator in mono- and bilayer forms. Intriguingly though, a recent
transport study by Tang et al. [1] reported two insulating phases in monolayer TalrTe,, both

with edge conductance approaching % in short channels. The second insulating phase, ob-
served in gated samples where the chemical potential lies a few 10 meV in the conduction
band, cannot be explained in a non-interacting picture and thus provides strong evidence for
a correlated quantum spin Hall insulator phase. Raman experiments on few-layer TalrTe, fur-
ther provide evidence for a charge density wave regime below 60 K [2]. Our micro-ARPES
data on monolayer TalrTe, show a quasi-one-dimensional dispersion susceptible to a density
wave instability at a wave vector consistent with the filling of the experimentally observed
quantum spin Hall insulator phase. Our data further reveal a van Hove singularity close to the
Fermi level but suggest that it is not a major driver of the many-body instability.

We further present first data from few-layers TalrTe,, taken below and above the critical tem-
perature. The measurements reveal the expected Rashba spin-splitting arising from broken
inversion symmetry, and the splitting between bonding and antibonding states. However, the
experimental band structures differ quantitatively from DFT calculations, challenging the re-
liability of interpretations of Raman and transport data based on DFT band structures.
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