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The Josephson effect 
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The perception that is important what …. is not on the 

first page of a textbook on the JE 
 
Ø π-junctions (d-wave, ferromag. barriers,…) 
 

 
 
Ø particle-phase duality (relation between Coulomb and Josephson 
energies) 
 

 
Ø higher order harmonics in the  
current-phase relation (barrier  
transparency,…) and the notion of non- 
equilibrium  
Ø and the hidden contiguity of the  
different families of weak links  

Likharev,  
RMP (1979) 
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Codes and languages of  
the Josephson effect  
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Ø  Coupling with the environment 
Ø  Current distribution 
Ø  Barrier stability 
Ø  Topology of the contact 
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The Josephson effect: the general Ic(ϕ) relation 
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« 		Parallel	spin	pairing	
« 		Even	in	momentum	
« 		Odd	in	frequency	
« 		Net	spin!	
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« 		Anti-Parallel	spin	pairing	
	

Triplet	vs	Singlet		

Odd triplet superconductivity and related phenomena 
in superconductor-ferromagnet structures 
F. S. Bergeret, A. F. Volkov &K. B. Efetov RMP 77, 1321 (2005) 
 



Hybrid Josepshon junctions  using barriers with complementary functionalities 
(semiconductors, ferromagnets, topological insulators, graphene… also as flakes 

and nanowires)  may provide multitasking capabilities. 
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A comparative analysis   
 flakes-based TI and graphene and LAO/STO  

T=300 mK 
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Hysteretic  collapse and revival  

of the Josephson current 
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 Looking at the switch: transition from S to N 
A comparative analysis of different I-V  
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Fluctuations and escape dynamics  

in the washboard potential   
Caldeira & Leggett, PRL 46, 211 (1981) 

Kramers, Physica 7, 284 (1940) 
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YBCO submicron JJs 
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Macroscopic	quantum	tunneling	in	a	
SFS	JJ	
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In a ‘nano-world’, reduction of Ic unavoidably leads to a 
 reduction of Q (increase in dissipation)  
and of the ratio EJ/EC=(ICΦO/2π)/(e2/C) 

       

Multiple Escape and Retrapping 





Phase dynamics in the ‘very’ low Jc limit 

D. Stornaiuolo, G. Rotoli, D. Massarotti, F. Carillo,  
L. Longobardi, F. Beltram and F. Tafuri    Phys. Rev. B(2013) 
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Phase diagram (EJ,T): 
the direct PD/MQT 
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Pieces for the dissipation map: 
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What happens for high Jc? 
 



Escape dynamics in high-Jc JJs 

D. Massarotti, D. Stornaiuolo, L. Galletti et al.   
Phys. Rev. B  (2015) 
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e) 

 The physical meaning 
 
 
  
 
 
 
 
 
 
 
 
 
 

       A switching behavior from S to N,  
                 that does not follow the standard  

                           stochastic Josephson phase dynamics, is the main  
     indicator of the  onset of non-equilibrium effects. 

 

  
‘Collapse’ of the  Josephson effect driven  
by a too large Jc i.e. by non-equilibrium  effects.  
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Phase slips and switching dynamics in nanowires 
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