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Electron-electron repulsion and strong relativistic effects at the heart
of the fundamental state properties of an atomic monolayer of Pb

In a metal, the direct repulsive interaction between two electrons (Coulombic interaction) is
shielded by the presence of many other electrons. When the density of electrons decreases, this
repulsive interaction between electrons increases. If this repulsion becomes strong enough, it
can prevent the formation of a metallic state in favor of an insulating state called Mott insu-
lator. Recent work has highlighted the amazing properties of these materials characterized by
strong electronic correlations. Applications are currently being developed industrially, in parti-
cular for the fabrication of non-volatile memories, using both the metallic and insulating Mott
states. From a theoretical point of view, modeling the electronic properties of these materials
is a challenge due to the difficulty of modeling the strong interactions between electrons. This
difficulty is even greater when it is a low dimensional system fabricated on a substrate: the role
of the substrate atoms must also be considered.

In this context, researchers from the «Spectroscopy of Novel Quantum States» team have stu-
died experimentally and theoretically a two-dimensional material consisting of a low-density
lead atomic layer deposited on a silicon substrate. Predicted to be very close to the Mott tran-
sition, this system had never been studied at low temperature. Thanks to a fine comparison
of the electronic excitation spectrum measured by STM with that calculated by an «ab initio»
approach, the researchers showed that in this 2D material, the electronic correlations are not
strong enough to induce an insulating state but significantly alter the metallic state. An impor-
tant conclusion is also that the spin-orbite coupling, due to the high atomic mass of lead, is an
essential parameter to be taken into account for the correct modeling of the electronic proper-
ties of this system which thus presents spin-polarized metallic states.

The shape and spin texturing of the electronic states of the Pb monolayer were determined by a quasi-
particle interference method. The calculated Fermi surface (Figlb) is formed of two spin-polarized qua-
si-hexagons, each with a spin texturing (helicity) rotating in an opposite direction. This helical spin pola-
rization gives rise to selective electron scattering processes, induced by the presence of non-magnetic
impurities. These are interband processes characterized by g, wave vectors and intraband processes
characterized by gintra wave vectors (Figlb). Wave vectors joining parallel spins give a strong signal
while wave vectors joining opposite spins give no signal. Experimentally, these processes were probed by
Fourier transform of differential conductance maps di/dV(V=0,x,y). The experimental result Figlc shows
a good agreement with the simulation Figld.
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Figure 1

a: STM topographic image of a 3x3 domain of Pb/Si(111). b: Fermi surface calculated by density functional with
Coulombic term (DFT+U) where the spin polarization is represented by a small colored arrow. c: Fourier transform
of a conductance map at E, (dI/dV(V=0,x,y)).). d: Calculation of these processes from the electronic structure ob-
tained in DFT+U.

In perspective to this work, we will study the nature of the local magnetism of the 2D Mott phases exis-
ting in the neighboring compounds. It remains debated and largely unknown because of the important

spatial extension of the Coulombic repulsion.
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