
Two-dimensional correlations, electron-lattice 
coupling and strong spin-orbit coupling in a single 

atomic plane  

C. Tresca 1,2, T. Bilgeri 2, G. Menard 2, V. Cherkez 2, R. Federicci 2, D. 
Longo 2, F. Debontridder 2, M. D’angelo 2, D. Roditchev 2,3, G. Profeta 1, 
M. Calandra 2, T. Cren2 and C. Brun 2 
 
1 Department of Physical and Chemical Sciences and SPIN-CNR, University of 
L’Aquila, Via Vetoio 10, I-67100 L’Aquila, Italy 
2 Sorbonne Université, CNRS, Institut des Nanosciences de Paris, UMR7588, F-
75252, Paris, France 
3 Laboratoire de physique et d’étude des matériaux, LPEM-UMR8213/CNRS-ESPCI 
ParisTech-UPMC,10 rue Vauquelin, F-75005 Paris, France 

 

Two-dimensional (2D) surface systems consisting in 1/3 monolayer of a tetravalent 
metal atom (Pb,Sn) adsorbed on a tetravalent semiconducting surface (Si, Ge, SiC) 
constitute simple model systems to investigate the physics of correlated electrons in 
two dimensions [1]. Due to the large distance between the Sn or Pb atoms about 
0.7nm, there is a competition between the electronic hoping term leading to a metallic 
state, and strong on-site electronic repulsion introducing Mott physics. A particularly 
interesting case is the one of 1/3 monolayer of Pb/Si(111). While simple Density 
Functional Theory calculations predict a half-filled two-dimensional metal, Dynamical 
Mean-Field Theory calculations predicted the ground state to be at the border 
between a Mott insulating state, a metallic state and a charge-order state [2]. Using 
scanning tunneling spectroscopy (STS) at T=0.3 K and fully relativistic DFT+U first-
principles calculations, we could study this system and furnish a consistent picture of 
its electronic and structural properties [3]. We found that spin-orbit coupling play an 
important role, in addition to strong on-site Coulomb repulsion and electron-lattice 
interaction, making this system a two-dimensional correlated metal not undergoing a 
Mott transition. 
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