Orbital-Driven Frustrated Electron Hopping in a 2D Lattice

(d Coexistence of Dirac and flat- band. Flat-band appears from frustrated electron hopping.

o Geometrical frustration: kagome lattice

» Why flat and Dirac bands scientifically
important?

Energy (eV)

» Can we create flat and Dirac bands without
geometrical lattice frustration?
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Scientific Achievement
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g H y [ Scientists show that PdsAll, can mimic the electronic behavior of
l i frustrated lattices, creating both flat and Dirac-like bands from a
simple square lattice.
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- Significance and Impact
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5* = | This work reveals a new way to achieve the exotic electronic
\J properties of frustrated lattices in simple, stable materials,
r—x opening paths to discover and design novel quantum materials.
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(a) Orbital orientation of PdAI layer in PdsAll, .
forms a checkerboard lattice. (b & c) ARPES Fermi ResearCh DEtalls
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I'- M- X- T path (inset; red) of the surface BZ. . . .
calculated band structure is overlaid on top at NSLS-Il Beamline 21-ID showed Dirac-like bands that were

(dashed grey) with bands linked to the decorated intersected by a flat band.
checkerboard model highlighted in cyan and red. T . . .
g Y * These findings confirmed the hallmark features of Lieb- and dice-
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Presenter Notes
Presentation Notes
Summary:

Electron hopping on periodic lattice structures leads to unusual electronic behavior. In particular, hopping on two-dimensional frustrated lattices such as kagome, dice, and Lieb creates band structures that include both massless, Dirac-like bands and flat ( dispersionless) bands. Since real materials with dice and Lieb lattices are rare and their experimental realization has so far been limited to optical lattices of ultracold atoms, researchers have proposed another approach: using the arrangement of atomic orbitals to reproduce the same frustrated hopping seen in these lattices. This method could expand the range of materials that show frustrated electron hopping, though it has not yet been demonstrated in practice. 

In this work, frustrated electron hopping has been shown in the van der Waals intermetallic compound Pd5AlI2, arising from the specific orientation of atomic orbitals in a simple square lattice. Using angle-resolved photoemission spectroscopy and quantum oscillation experiments, researchers found that Pd5AlI2 has linear Dirac-like bands cut by a locally flat band at their crossing point, which is a key feature of dice, Lieb and checkerboard lattices. In addition, this compound is chemically stable, and its unusual metallic band structure survives in air even down to a single layer. The exfoliable nature of these materials enables access to the monolayer limit, opening new avenues for probing correlated orbital physics in the true 2D regime.

These findings demonstrate a new way to realize the electronic structures typical of frustrated lattices within systems that are not geometrically frustrated. 
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