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DIRAC NODAL LINES IN 2D SEMIMETALS 

The discovery of the unique physical properties of graphene has driven the research on two-

dimensional (2D) materials towards novel directions for condensed matter physics and materials 

science. The rich physics displayed by these materials has fostered intense and fruitful research 

bridging fundamental research and technological applications.  

A further emerging topic for condensed matter physics is topological matter, which has been the object 

of an intense research on topological insulators and, more recently, on topological semimetals, a novel 

quantum state of matter. These materials have a specific exotic electronic structure with the valence 

and conduction bands contacting either at discrete point or along lines, leading to so-called Dirac, Weyl 

or Nodal Line semimetal. 

The question arises whether it is possible to combine the exceptional characteristics of 2D materials 

with those of topological materials, for such a topological 2D semimetal may exhibit completely new 

properties. While graphene is representative of Dirac semimetals, until recently there was no evidence 

of 2D semimetal of the Nodal Line type. 

The team of Prof. Matsuda, our collaborators at the University of Tokyo, gave a first experimental 

evidence of such a material last year [1]. They have shown that the electronic structure of a Cu2Si layer 

displays two concentric nodal loops around  point arising from the crossing of hole-like and electron-

like bands near the Fermi level. Their results suggest that these emerging 2D materials can be used as a 

new platform for novel high-speed and low dissipation devices. Within this context, we propose a PhD 

project which aims at studying Dirac Nodal Line 2D semimetals. We shall initially focus on Cu-based 

and boron-based materials [2]. The research objectives are twofold:  

1. Preparing the above 2D materials in the form of thin films deposited on a semiconducting substrate 

instead of a metallic one or getting them as free-standing layers 

2. Tuning the electronic band structures of these materials, e.g. opening a band gap by depositing a 

heavy element on the layer 

 

The structural, electronic and transport properties of the above film structures will be systematically 

characterized by means of scanning tunneling microscopy/microscopy (INSP), magneto-resistivity and 

Hall-effect measurements (IMPMC) and angle-resolved photoemission spectroscopy to be performed at 

synchrotron radiation facilities.   
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