Coexistence of Dirac and flat bands in 2D material beyond geometrical frustrated lattice
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Two-dimensional (2D) Dirac materials featuring flat bands have emerged as a pivotal
focus in condensed matter physics due to their rich physical phenomena, including
superconductivity and ferromagnetism, and their potential for integration into electronic devices.
Flat bands, typically associated with strong electron correlations, are predominantly observed in
heavy fermion systems with localized f-orbitals. While geometrically frustrated lattices have
been proposed as a pathway to extend bulk flat bands beyond f-orbital systems, to date, such
bands have only been identified in solid-state materials with kagome and related pyrochlore
lattice  structures. Here, | will present our recent study [1] unveiling
the coexistence of Dirac and flat bands within the geometrically unfrustrated primitive
square lattice compound  PdsAllz, investigated through angle-resolved photoemission
spectroscopy (ARPES) and model calculations. Theoretical calculations and polarization-
dependent ARPES measurements reveal that specific atomic orbital decorations on a primitive
square lattice induce frustrated electron hopping, forming a flat band. Further, photon-energy
dependence of electronic structure measurements shows the quasi-2D electronic nature of this
material. Owing to the van der Waals (vdW) nature, this material can be exfoliated to the
monolayer limit, paving the way for exploring orbital physics in true 2D limit.
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