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Source of backscattering? 

König et al. Science 2007 

ultimate sources  
of backscattering 
that can alter G? 



Spin detector 

Qi & Zhang Phys Today 2010 



Spin detector 

Qi & Zhang Phys Today 2010 

has been used as a perfect charge detector! 



Spin detector 

Qi & Zhang Phys Today 2010 

use it as the perfect spin detector! 



Outline 
• Phonon-induced backscattering in helical edge 

states (2T) 
 

• RG analysis for scattering off a Rashba impurity 
in a helical liquid (2T) 
 

• Kondo screening cloud of two helical liquids (4T) 
 

• Parity measurement in topological Josephson 
junctions (0T) 



System 

Budich, Dolcini, Recher & BT PRL 2012 

helical liquid 

electron reservoirs 

single impurity 

coupling to phonons 



System & Hamiltonian 
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Vorführender
Präsentationsnotizen
H_R: TRI Hamiltonian with the lowest scaling dimension, able to couple right and left movers



No backscattering: �1 term 

Budich, Dolcini, Recher & BT PRL 2012 
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No backscattering: �1 term 

Budich, Dolcini, Recher & BT PRL 2012 
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How about the �3-term? 

Budich, Dolcini, Recher & BT PRL 2012 
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How about the �3-term? 

Budich, Dolcini, Recher & BT PRL 2012 
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Presence of ee interactions 

Budich, Dolcini, Recher & BT PRL 2012 
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on basis of generating functional: 

along Keldysh contour 
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Take home messages 

• �1-Rashba impurity does not lead to inelastic 
backscattering (in the presence of a simple phonon 
bath) at quadratic order 
 

• holds in the presence and the absence of ee 
interactions in the helical liquid 
 

• �3-Rashba impurity term can lead to inelastic 
backscattering at finite voltage or temperature. 



Outline 
• Phonon-induced backscattering in helical edge 

states (2T) 
 

• RG analysis for scattering off a Rashba impurity 
in a helical liquid (2T) 
 

• Kondo screening cloud of two helical liquids (4T) 
 

• Parity measurement in topological Josephson 
junctions (0T) 



“Simpler” Hamiltonian 

    

         
       

 







   

   

  

     

        
          



 


0

†
0

† †
2

† † H.c.

I R

F x F

I

R x x

H H H H

H dx x i v E x

H dx dx x x g x x x x

H xdx x

Crépin, Budich, Dolcini, Recher & BT PRB 2012 motivation: Ström, Johannesson & Japaridze  PRL 2010 

Vorführender
Präsentationsnotizen
H_R: TRI Hamiltonian with the lowest scaling dimension, able to couple right and left movers



Generation of 2p backscattering? 
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Question: How is (inelastic) two-particle backscattering 
generated by this Hamiltonian?   
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RG for interacting fermions 


    * SZ D D e

Crépin, Budich, Dolcini, Recher & BT PRB 2012 

Partition function: 

       / 1
F F

dl v k kintegrate out fields on 
the momentum shell: 

Vorführender
Präsentationsnotizen
: Grassmann fields; say that the flow equations show that inelastic two-particle backscattering from a Rashba impurity is only generated in the presence of Coulomb interactions.



RG for interacting fermions 


    * SZ D D e
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Partition function: 
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the momentum shell: 
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Vorführender
Präsentationsnotizen
: Grassmann fields; say that the flow equations show that inelastic two-particle backscattering from a Rashba impurity is only generated in the presence of Coulomb interactions.



Next: Bosonization 
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and bosonized Rashba Hamiltonian: 



Real space RG 
   1a a dl a

Crépin, Budich, Dolcini, Recher & BT PRB 2012 

RG transformation  
in real space: 
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tilde{alpha}=alpha/(pi v a); tilde{gamma}_{2p}^{in} = true inelastic (two-particle) backscattering processes; mention that K=1/2 is an interesting intermediate fixed point



Surprising T-dependence 
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related work: Schmidt, Rachel, von Oppen & Glazman PRL 2012; Lezmy, Oreg & Berkooz PRB 2012 

Vorführender
Präsentationsnotizen
note that for K<1/4, two-particle backscattering becomes relevant -> Rashba impurity cuts the helical liquid into two halves



Outline 
• Phonon-induced backscattering in helical edge 

states (2T) 
 

• RG analysis for scattering off a Rashba impurity 
in a helical liquid (2T) 
 

• Kondo screening cloud of two helical liquids (4T) 
 

• Parity measurement in topological Josephson 
junctions (0T) 



Setup 

Posske, Liu, Budich & BT PRL 2013 

QSH system 

electron reservoirs antidot 



Setup & Hamiltonian 

Posske, Liu, Budich & BT PRL 2013 
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with non-equilibrium operator: 

Vorführender
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mention different bias options



Toulouse points 

• Emery-Kivelson rotation 
 
 

• Transform bosonic fields 
 
• Refermionize the Hamiltonian 
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Posske, Liu, Budich & BT PRL 2013 



Two (new) Toulouse points 
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Analytical result: Kondo cloud 
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Vorführender
Präsentationsnotizen
Exact results in terms of Hurwitz-Lerch transcendents for both TP at equilibrium



Non-equilibrium Kondo cloud 

Type A: Type B: 

Posske, Liu, Budich & BT PRL 2013 



Outline 
• Phonon-induced backscattering in helical edge 

states (2T) 
 

• RG analysis for scattering off a Rashba impurity 
in a helical liquid (2T) 
 

• Kondo screening cloud of two helical liquids (4T) 
 

• Parity measurement in topological Josephson 
junctions (0T) 



Setup 

s-wave superconductor 

QSH system 

magnetic flux 

Crépin & BT arXiv 2013 insprired by: Fu & Kane PRB 2009 



JJ current vs. parity pumping 
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    total fermion parity number: 

Crépin & BT arXiv 2013 



JJ current vs. parity pumping 
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Short junction limit 
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Short junction limit 
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�  parity detector 
Crépin & BT arXiv 2013 



Long junction limit 
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twisted boundary conditions: 
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Bosonization again 
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chiral bosonic field number of fermions w/ 
respect to Fermi sea  

Klein factors 



Bosonization again 
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chiral bosonic field number of fermions w/ 
respect to Fermi sea  

Klein factors 
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Hamiltonian 

Crépin & BT arXiv 2013 
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    2 �  parity pumping 



Josephson current 

Crépin & BT arXiv 2013 
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related work: Beenakker, Pikulin, Hyart, Schomerus & Dahlhaus PRL 2013 



Take home messages 

• Critical current: 
 
 

• Phase dependence: 
 
 
 

• Phase dependence could be modified by disorder  
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�  parity detector 



Summary 

Posske, Liu, Budich & BT PRL 2013 
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