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Scientific description: Using surface science techniques it became possible to grow and study 
in-situ superconducting systems consisting of a single atomic layer. 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. 
 

In this internship we will study the effects produced by controlled magnetic disorder on such 
2D superconductors, using magnetic molecules. The effect of a single magnetic impurity in a 
superconductor is to break time-reversal symmetry. As a consequence, 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 between the impurity and the electrons. Our 
preliminary results obtained during the PhD thesis of Danilo Longo suggest a combination of 
Kondo effect and Yu-Shiba-Rusinov for single MnPc molecules adsorbed on the Pb/Si(111) 
superconducting monolayer. We propose to pursue these exciting experiments and to confirm 
the interplay between Kondo effect and Yu-Shiba-Rusinov states in 2D single-layer 
superconductors. 
 

References: [1] C. Brun et al, Nature Physics 10, 444 (2014) [2] V. Cherkez et al, Physical Review 
X 4, 011033 (2014) [3] G. Ménard et al, Nature Commun. 8, 2040 (2017); [4] Nature Commun. 
10, 2587 (2019) [5] G. Ménard et al, Nature Physics 11, 1013 (2015) 
 

Techniques/methods in use: scanning tunnelling microscopy/spectroscopy, in situ growth of 
samples by molecular beam epitaxy in UHV, Python programming for data analysis 
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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