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Outline 
 

• Recap: Quantum spin Hall (QSH) systems 
 

• Introduction: Hybrid structures based on QSH 
systems – Bogoliubov-De Gennes Formalism 
 

• Application: Transport signatures in NS 
junctions 



What are QSH systems? 

first symmetry-protected topological state of matter 



Prediction in graphene 

( )x x x SOy z zy zH v p p sσ τ σ σ τ∆= + +

Kane & Mele PRL 2005 

spin filtered edge states: 
topologically non-trivial 

w/ respect to TRS 

24 eVSO µ∆ ≈

Gmitra, Konschuh, Ertler, Ambrosch-Draxl & Fabian PRB 2009 



SOI too small … 

How about a better system? 



HgTe/CdTe QW I 

König et al. JPSJ 2008 



HgTe/CdTe QW II 
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Effective Hamiltonian 
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with basis states: 

±: degenerate Kramers partners 

Bernevig, Hughes, Zhang Science 2006 

Novik et al. PRB 2005 

Schmidt, Novik, Kindermann & BT PRB 2009 

comparison 
to 8-band 

Kane model 



Topology in the QSHE I 
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Topology in the QSHE II 
quantized spin Hall conductivity: 

-> Z2 invariant: mod2n 

Avron et al  PRL  1988; Kane & Mele  PRL  2005; Sheng et al PRL 2006; Hasan & Kane  RMP 2010 
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Topology in the QSHE II 
quantized spin Hall conductivity: 

-> Z2 invariant: mod2n 

# of Kramers pairs at edge: 

mod2
K

N  

Avron et al  PRL  1988; Kane & Mele  PRL  2005; Sheng et al PRL 2006; Hasan & Kane  RMP 2010 
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Vorführender
Präsentationsnotizen
only valid for a fixed spin quantization axis



Experimental evidence  
of edge states 

Bernevig, Hughes & Zhang Science 2006 König et al. Science 2007 

Prediction: Observation: 



Protection against 
elastic backscattering 
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Protection against 
elastic backscattering 

   





 



 

 

   

*

2

H T TH

HT HT

H

H

Kane & Mele PRL 2005; Xu & Moore PRB 2006; Wu, Bernevig & Zhang PRL 2006 

   
*







Protection against 
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Protection against 
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Pioneering prediction 

Fu & Kane PRB 2009 

 signatures of p-wave 
superconductivity? 



Inspiring experiments 

Hart et al. Nature Phys 2014 

Pribiag et al. arXiv 2014 

Hg(Cd)Te QWs 
InAs/GaSb QWs 



Setup & Hamiltonian 

Crépin, BT & Dolcini PRB 2014 
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Setup & Hamiltonian 
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Setup & Hamiltonian 

Crépin, BT & Dolcini PRB 2014 
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Präsentationsnotizen
Delta(x) is called pair potential and is non-zero in the superconducting state



BdG Hamiltonian 

Crépin, BT & Dolcini PRB 2014 
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BdG Hamiltonian 

Crépin, BT & Dolcini PRB 2014 
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T=K*i*sigma_y (K: operator of complex conjugation)



BdG Hamiltonian 

Crépin, BT & Dolcini PRB 2014 
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Symmetries & Majoranas 

Crépin, BT & Dolcini PRB 2014 
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Majorana fermions vs. anyons 
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Majorana fermions vs. anyons 
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S-matrix construction 

Crépin, BT & Dolcini PRB 2014 
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Präsentationsnotizen
a: incoming scattering amplitudes; b: outgoing scattering amplitudes



S-matrix of FM domain 

Crépin, BT & Dolcini PRB 2014 
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chi_m: relative phase shift between spin up/down



Andreev reflection 
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Präsentationsnotizen
chi_m: relative phase shift between spin up/down



Resonance condition 
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Präsentationsnotizen
chi_m: relative phase shift between spin up/down



FM domain vs. double barrier 

Crépin, BT & Dolcini PRB 2014 



Robust MBS signature 

Crépin, BT & Dolcini PRB 2014 
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Vorführender
Präsentationsnotizen
Zero bias feature ~ MBS at epsilon=0
This is rather generic for unconventional pairing potentials. Together with Prof. Tanaka and Prof. Nagaosa, we looked, for instance, at a mixed pairing potential between s-wave and chiral p-wave pairing.
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