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Quantum correlations as quartets in Josephson bijunctions

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: YES

General framework : In a superconductor, part 
of the electrons are condensed as Cooper pairs 
all having the same phase. The two electrons of 
a  pair  form a S=0 singlet  state  (blue and red 
arows on the figure). Such a state, if  isolated, 
would  be  analogous  to  the  famous  pairs  of 
entangled  photons  produced  by  nonlinear 
crystals.  Since  many  years,  theoretical  and 
experimental  efforts  aim  at  extracting  pairs 
from  a  superconductor,  splitting  them  in  two 
metallic  contacts  and  measuring  their 
correlations.

  The four electrons coming from S0 (their spin is  
shown  by  four  arrows)  recombine  as  two  Cooper  
pairs in Sa and Sb.

More recently, in an all-superconducting set-up called as a « bijunction », it was shown that pairs of 
pairs (or electron quartets) could be extracted, and give rise to novel 4-particle correlations [1]. The 
latter have a high potential for entanglement between the spin of four electrons. Quartets lead to DC 
resonances  in  a  voltage  biased  bijunction,  which  has  received  an  experimental  confirmation  in 
Grenoble laboratories [2], and theory is on the way to fully describe nonequilibrium transport in this 
system. 
 [1] A. Freyn, B. Douçot, D. Feinberg, R. Mélin, Phys. Rev. Lett. 106, 257005 (2011) ; T. Jonckheere, J. Rech, T. Martin, B. 
Douçot, D. Feinberg, R. Mélin, Phys. Rev. B87, 214501 (2013).

 [2] A.H. Pfeffer, J.E. Duvauchelle, H. Courtois, R. Mélin, D. Feinberg, F. Lefloch, Phys. Rev. B 90, 075401 (2014).

Exact topic, available means : The goal of the internship is to characterize quantum noise at the 
quartet resonance, which will be measured in Grenoble in the group of François Lefloch, and provide 
novel  informations  about  the  quartets.  The  calculations  for  the  average current  have been  carried  out 
recently, mainly by Régis Mélin and Benoît Douçot. The numerics will be run on the cluster of the Institut Néel. 

This internship can be followed by a PhD thesis, supervised by Régis Mélin in Grenoble and 
by Benoît Douçot in Paris.
Contact : Régis Mélin  Institut Néel - CNRS : tél 04-76-88-11-88 / Benoît Douçot LPTHE Jussieu 
Paris, tél 01-44-27-79-6
E-mails: Regis.Melin@grenoble.cnrs.fr / doucot@lpthe.jussieu.fr
More informations at this web-page: http://perso.neel.cnrs.fr/regis.melin
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