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Outline 

•  What are helical edge states? 
 
•  Backscattering at a helical edge 
   -  the role of phonons 
   -  the role of electron-electron interaction     
 
•  Proximity effect with superconductors 
   



QSH effect and helical edge 
state 

•  QSH state: two copies of quantum Hall 
state with time reversal (TR) symmetry 

 Quantum Spin Hall Effect  Quantum Hall Effect 

chiral edge state helical edge state 

B Insulating bulk state 

Break TR, magnetic field Preserve TR, SOC 



Luttinger-liquid description of helical edge states 

chiral charge density 

kinetic energy: 

forward scattering Coulomb interaction terms: 

helical edge state 



(not allowed by TRS) 

usual backscattering absent       ballistic 
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bosonization (like for spinless LL): 

non-chiral bosonic phase fields 

Xu and Moore, PRB (2006) 
Wu et al., PRL (2006) 
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conjugate momentum: 



Xu and Moore, PRB (2006) 
Wu et al., PRL (2006) 



Experimental evidence of edge states 

Bernevig et al., Science 2006 

prediction: observation: 

Koenig et al., Science 2007 



Presence of Rashba 
Hamiltonian in the helical liquid 

linear Rashba: qubic Rashba: 
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" no elastic single-particle 
scattering 

Can Rashba-interaction do anything ? 

+ 
- 



J.C. Budich, F. Dolcini, PR, B. Trauzettel, PRL 2012 

HLL in presence of Rashba-impurity and phonon-bath 
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Interference of two scattering processes 

due to linear Rashba +HLL-dispersion  

with Golden-Rule approach at T=0 





Integrating out phonons exactly will change   propagator 

Doing a calculation on Keldysh contour shows absence 
of leading order backscattering in     -Rashba even with 
Coulomb interactions        
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J.C. Budich, F. Dolcini, PR, B. Trauzettel, PRL 2012 

Martin and Loss, 
PRB (1994) 
in imaginary-time 



RG treatment of the Rashba impurity 

Helical liquid: 

F. Crepin, J.C. Budich, F. Dolcini, PR, B. Trauzettel, arXiv:1205.0374 

K !1 LL-Parameter 
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RG treatment of the Rashba impurity 

Helical liquid: 

Linear Rashba-term: 

! bosonize 

F. Crepin, J.C. Budich, F. Dolcini, PR, B. Trauzettel, arXiv:1205.0374 

K !1 LL-Parameter 



Generated two-particle backscattering term (in a point): 

•  conserves time-reversal symmetry 

generic form (most relevant): 
 
Wu et al. PRL 2006 
Ström et al. PRL 2010 



Expand partition function to second-order in Rashba and first order in  
two-particle term with coupling  !2p

in



Flow-equation based on perturbative RG approach: 

Expand partition function to second-order in Rashba and first order in  
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Flow-equation based on perturbative RG approach: 

Expand partition function to second-order in Rashba and first order in  
two-particle term with coupling  !2p
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Flow-equation based on perturbative RG approach: 

Expand partition function to second-order in Rashba and first order in  
two-particle term with coupling  !2p

in

+ scale Invariance of partition function 

Scaling dimension of operators 
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Generated in second-order perturbation theory 



•  backscattering conductance: 

At low temperatures: 

~ 



•  backscattering conductance: 

At low temperatures: 

Conclusions:  
•  Two-particle backscattering generated by Rashba interaction in 2nd order 
     
•  Term becomes relevant if                 , Wu et al. 2006, Ström et al. 2010    
 

K <1/ 4

•   As K 1,  

~ 



Homogeneous Rashba-interaction in the HLL 
 

S S 

Superconducting proximity effect 
2D-treatment of edge states  
within 4-band model of HgTe QWs 
 

P. Virtanen, PR, PRB 2012 

Bernevig et al., Science (2006), Rothe et al., NJP (2010)  

•  Spin-rotation in HgTe-based edge states 



Homogeneous Rashba-interaction in the HLL 
 

S S 

Superconducting proximity effect 
2D-treatment of edge states  
within 4-band model of HgTe QWs 
 

P. Virtanen, PR, PRB 2012 

Bernevig et al., Science (2006), Rothe et al., NJP (2010)  

Scattering at scalar potential 

e-e interaction only perturbatively 

T. Schmidt et al., PRL (2012) 

•  Spin-rotation in HgTe-based edge states 



P. Virtanen, PR, PRB 2012 

A.M. Black-Schaffer, PRB 2011 
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Conclusions 

•  Helical edge states protected by TRS only for 
elastic and single-particle backscattering 

 
•  Inelastic single-particle backscattering provided  
     by phonons + Rashba impurity 

•  Two-particle scattering provided by e-e interaction 
     + Rashba-impurity  scaling law for conductance 

•  Combination of potential scattering + Rashba S.O. 
     - SC proximity effect 
      


