
Superconducting hybrid 
structures based on QSH 

systems 

Björn Trauzettel 

 
New Perspectives in Spintronic 

and Mesoscopic Physics 
 

June 1-19, 2015 
Kashiwa, Japan 

 

Pablo Burset (Uni Würzburg) 
François Crépin (Uni Würzburg) 

Fabrizio Dolcini (PolyTech Torino) 
Felix Keidel (Uni Würzburg) 

  

 

      
 

2
R

R R

R Rh
R

e
G

F

F
i

F
F

F



QSHE (in a nutshell) 

 symmetry protected 
topological state of matter 

Kane & Mele PRL 2005 
Bernevig, Hughes & Zhang Science 2006 



QSHE (in a nutshell) 

 symmetry protected 
topological state of matter 

Kane & Mele PRL 2005 
Bernevig, Hughes & Zhang Science 2006 

König, Molenkamp et al. JPSJ 2008 



QSHE (in a nutshell) 

 symmetry protected 
topological state of matter 

Kane & Mele PRL 2005 
Bernevig, Hughes & Zhang Science 2006 

König, Molenkamp et al.  Science 2007 



QSHE (in a nutshell) 

 symmetry protected 
topological state of matter 

Kane & Mele PRL 2005 
Bernevig, Hughes & Zhang Science 2006 

König, Molenkamp et al.  Science 2007 

Hasan & Kane  RMP 2010 



Pioneering prediction 

Fu & Kane PRB 2009 



Pioneering prediction 

Fu & Kane PRB 2009 

 signatures of p-wave 
superconductivity? 



Inspiring experiments 

Hart, Molenkamp, Yacoby et al. Nature Phys 2014 

Pribiag, Kouwenhoven et al. Nature Nano 2015 

Hg(Cd)Te QWs 
InAs/GaSb QWs 



Outline 

• Transport signatures of NS junctions -> 
Majorana bound states 
 

• Crossed Andreev reflection in NSN 
setups ->  

   odd-frequency triplet superconductivity 
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BdG Hamiltonian 
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Majorana fermions vs. anyons 
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S-matrix of FM domain 

Crépin, BT & Dolcini PRB 2014 

   
   

   




 

 



 
















           
0

1

1

m

m m

m

mi i
ie

i i

ie T e T
S e

e T ie T all symmetries 
broken 

  

m F m
k L

   

m z m
m L

  

0m F
k x



Andreev reflection 
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Resonance condition 
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Detection of MBS 
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Robust MBS signature 

Crépin, BT & Dolcini PRB 2014 

  NS NSC

Majorana bound states   0



Outline 

• Transport signatures of NS junctions -> 
Majorana bound states 
 

• Crossed Andreev reflection in NSN 
setups ->  

   odd-frequency triplet superconductivity 



Model and setup 
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Green’s functions 
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Scattering states: N side 
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Scattering states: S side 
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Green’s functions from 
scattering states 
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Antisymmetry of pairing 
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Classification of pairing 
amplitude 

Tanaka, Sato & Nagaosa JPSJ 2012 
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Classification of pairing 
amplitude 

frequency, spin, orbital 
 

even, singlet, even -> ESE 
odd, singlet, odd -> OSO  
even, triplet, odd -> ETO  
odd, triplet, even -> OTE 
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Classification of pairing 
amplitude: results 
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Detection of OTE: idea 

use crossed Andreev reflection 
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Detection of OTE: results 
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Summary 

Crépin, BT & Dolcini PRB 89, 205115 (2014) Crépin, Burset & BT arXiv:1503.07784 
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