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Superconducting spin currents 

 

Conventional superconductivity is incompatible with ferromagnetism, because the magnetic 

exchange field tends to spin-polarize electrons and breaks apart the opposite-spin singlet 

Cooper pairs. For this reason, the penetration of a superconducting current into a half-metal (a 

strong ferromagnet in which 100% of the conduction electrons are spin-polarized) is generally 

forbidden. Notwithstanding, experiments performed in our laboratory [1] show that an 

unconventional mechanism the equal-spin Andreev reflection can lift this restriction at the 

interface between a high-temperature superconductor and a half-metal. This mechanism 

allows the transfer of the superconducting correlations into the half-metal’s electrons, creating 

a spin-polarized superconducting current that could be useful in spin electronics (spintronics).  

  

During this internship, the candidate will perform a series of experiment aimed at 

understanding the transfer of the spin-polarized supercurrents into normal metals (interface 

effects, transparency conditions, etc). Ultimately, this will allow the fabrication of 

“superconducting spin-valves”, the cornerstone for superconducting spintronics. 

 

 [1] C. Visani, Z. Sefrioui, J. Tornos, C. Leon, J. Briatico, M. Bibes, A. Barthélémy, J. 

Santamaría & Javier E. Villegas, Nature Physics 8, 539  (2012) 

 

 

Methods and techniques: This is an experimental internship. The student will use optical 

and electron lithography to fabricate superconductor/ferromagnet junctions, and low-

temperature magneto-transport to study the fundamental effects referenced above. The student 

will also conduct the analysis of the experimental results. 

 

 

 

 

 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject : 

 

Condensed Matter Physics :  YES    Macroscopic Physics and complexity  : NO 

Quantum Physics :  YES     Theoretical Physics: NO 


