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Scientific description: Surface systems prepared under ultrahigh vacuum (UHV) became highly 
suitable materials to study two-dimensional physics in a very controlled manner. The reason is 
that two-dimensional materials are fragile systems whose structural and electronic properties 
usually react in ambient conditions. In this internship we propose to use a well-defined family 
of two-dimensional materials grown on semiconducting substrates in order to study the effect 
of Coulomb repulsion between electrons on the electronic and structural properties of a two-
dimensional metal. This family of materials consists of a single atomic layer of (Sn or Pb atoms) 
grown on Si(111) or Ge(111). They are characterized by a half-filled single electronic band 
located in the middle of the bulk band gap of the substrate. As the distance between Sn or Pb 
atoms is large, the electronic hopping term is small and the on-site Coulomb repulsion between 
electrons is strong. For this reason, this family of surface materials is believed to realize the 
conditions to become Mott insulators. This situation makes them very attractive because they 
can be used to study complicated phenomena appearing in other quasi-2D materials presenting 
Mott physics, like the iconic superconducting cuprates. However since our materials present a 
much simpler chemical structure it will enable simplifying and having a better control over 
various theoretical models attempting to describe their electronic properties. 
In a recent study we have investigated by very-low temperature scanning tunneling microscopy 
and spectroscopy (STM/STS) the Pb/Si(111) compound [1]. While this compound was 
theoretically predicted to be at the verge between Mott insulator and correlated metal [2], we 
have shown that its ground state is that of a correlated metal with local charge ordering [1]. A 
very important aspect of our work was to combine state-of-the-art experiment with advanced 
theoretical DFT calculations. This enabled us to show that in our two-dimensional materials the 
coupling between the metallic electrons and the substrate lattice degree of freedom is crucial. 
Here we propose to confirm our approach by investigating the Pb/Ge(111) phase. For this 
material advanced DFT calculations were already performed by our colleagues [3]. A correlated 
metallic phase with a local charge ordering is predicted and is to be experimentally 
characterized by STM/STS and ARPES at low temperature during this internship. 
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Techniques/methods in use: scanning tunnelling microscopy/spectroscopy, in situ growth of 
samples by molecular beam epitaxy in UHV, angular resolved photoemission spectroscopy 
Applicant skills: taste for experimental quantum/condensed matter physics. We are 
searching for someone highly motivated to pursue this internship in a PhD work. 
Industrial partnership: No 
Internship supervisor(s) Christophe Brun, Christophe.brun@sorbonne-universite.fr, Tristan 
Cren, tristan.cren@sorbonne-universite.fr, 0144274676 : http://www.insp.jussieu.fr/-
Spectroscopie-des-nouveaux-etats-.html    
Internship location: 4 Place Jussieu, Institut des Nanosciences de Paris, Paris 
Possibility for a Doctoral thesis: Yes (but no financial support is available at present)       
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