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Summary Lecture 1 
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Summary Lecture 2 



Pioneering prediction 

Fu & Kane PRB 2009 

 signatures of p-wave 
superconductivity? 



Outline 
 

• Parity constraints in topological JJs 
 

• Short junction limit: simple current-phase 
relations -> parity measurement 
 

• Long junction limit: bosonization -> influence 
of Coulomb interactions 
 



S/QSHI/S: rf SQUID geometry 

Fu & Kane PRB 2009 
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Spectrum of Andreev BS 

Fu & Kane PRB 2009 
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Low energy Hamiltonian 

Fu & Kane PRB 2009 
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What happens if phi is advanced by 2pi? 



What happens if � is 
advanced by 2�? 

 

Fu & Kane PRB 2009 
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Fermion parity = 0  Fermion parity = 1  
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Modified setup 

s-wave superconductor 

QSH system 

magnetic flux 

Crépin & BT PRL 2014 



JJ current vs. parity pumping 
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JJ current vs. parity pumping 
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Outline 
 

• Parity constraints in topological JJs 
 

• Short junction limit: simple current-phase 
relations -> parity measurement 
 

• Long junction limit: bosonization -> influence 
of Coulomb interactions 
 



Short junction limit 
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Due to Andreev bound states: 

Fu & Kane PRB 2009 



Short junction limit 
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Outline 
 

• Parity constraints in topological JJs 
 

• Short junction limit: simple current-phase 
relations -> parity measurement 
 

• Long junction limit: bosonization -> influence 
of Coulomb interactions 
 



Long junction: ABS spectrum 

ABS spectrum: 
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Long junction: twisted BC 
twisted boundary conditions: 
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How can we model this spectrum in a different manner?



Long junction: twisted BC 
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The spectrum is the ons of two branches of counterpropagating fermions with a linear spectrum and twisted bc.



Long junction: effective model 
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The spectrum is the ons of two branches of counterpropagating fermions with a linear spectrum and twisted bc.



Long junction: effective model 
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Bosonization 
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chiral bosonic field 
(periodic on [-L,L]) 



Bosonization 
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Hamiltonian 
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Josephson current: calculation 
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Even (blue), odd (red) case – different temperatures (left warmer, right colder)



Josephson current: result 
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Josephson current: combined 

Crépin & BT PRL 2014 
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Josephson current 2 

Crépin & BT PRL 2014 
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Josephson current 2 

Crépin & BT PRL 2014 
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Influence of Coulomb 
interactions 
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Take home messages 

• Critical current: 
 
 

• Phase dependence: 
 
 
 

• Phase dependence could be modified by disorder  
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Summary Lecture 3 
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