
 

 

 

  2020-2021 
 

  Master thesis proposal 
 

 

 
Campus Pierre et Marie Curie 
Tower 23 – 3rd floor – 23-22 

 

Title:   Influence of controlled magnetic and non-magnetic disorder on a two-
dimensional superconductor 
 

Keywords:  Superconductivity, disorder, scanning tunnelling microscopy/spectroscopy 
 

Scientific description: Using surface science techniques it became possible to grow and study 
in-situ superconducting systems consisting of a single atomic plane. This was first demonstrated 
ten years ago in Pb/Si(111). Using the same Pb/Si(111) monolayer our research team 
discovered few years later overlooked new features peculiar to this two-dimensional regime 
[1]. We have shown that such systems are particularly versatile and can be used to investigate 
various basic phenomena from the superconducting proximity effect between two 
superconductors [2] to 2D topological superconductivity [3,4]. These superconductors present 
a conventional pairing mechanism for the Cooper pairs but with a strong Rashba spin-orbit 
coupling due to the heavy Pb atoms. If lead atoms are exchanged with indium atoms the 
strength of this spin-orbit coupling is reduced and the properties of the superconducting 
condensate change: this can be probed by the response to magnetic and non-magnetic defects. 
In this internship we will study the effects produced by controlled disorder on such 2D 
superconductors, using either magnetic or non-magnetic impurities. Their effects will be of 
different nature since a single magnetic impurity breaks time-reversal symmetry while a non-
magnetic one does not. A magnetic impurity induces locally Yu-Shiba-Rusinov (YSR) states 
inside the superconducting gap while a non-magnetic one doesn’t. We have shown that in 2D 
superconductors the wavefunctions of such magnetic impurity states can be mapped out using 
scanning tunneling microscopy/spectroscopy (STM/STS) [5]. If the spin of the magnetic impurity 
is small, it could also lead to Kondo effect for a sufficient coupling to the metallic bath. Using 
magnetic molecules, we propose to study the interplay between Kondo effect and YSR states 
in atomically thin superconductors. A complementary aspect of this work will be to study the 
effects induced by controlled non-magnetic disorder in the same systems. We are motivated 
by new effects that we had discovered previously related to an incommensurate disorder [1]. 
Here, we want to reveal the origin and the spectroscopic features associated to this 
phenomenon in order to enable its proper microscopic modelling. 
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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:  experimental quantum/condensed matter physics. We are searching for 
someone highly motivated to pursue this internship in a PhD work.   
Industrial partnership: No 
Internship supervisors:   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) 
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