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Reminder:	  helical	  edge	  states	  in	  2D	  Top.	  Insulators	  
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•  Helical	  edge	  states:	  

•  Time-‐reversal	  invariance	  -‐>	  backscaGering	  suppressed	  

•  	  BackscaGering	  possible	  by	  tunneling	  to	  the	  other	  edge!	  

ψ R↑,ψ L↓
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Outline	  of	  the	  paper	  
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Review	  of	  a	  single	  contact:	  

•  LuNnger	  Liquid	  +	  bosonizaRon	  to	  treat	  Coulomb	  interacRon	  
•  RG	  analysis	  for	  small	  and	  large	  tunnel	  coupling	  
•  IdenRficaRon	  of	  the	  possible	  conducRng/insulaRng	  phases	  

The	  same	  for	  two	  contacts:	  
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BosonizaRon	  for	  the	  single	  contact	  
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•  Tunneling	  couples	  the	  two	  edges	  
•  Bosonize	  the	  Hamiltonian	  with	  help	  of	  charge	  and	  spin	  fields:	  

θc ,ϕc θ s ,ϕs

Tunneling	  happens	  by	  3	  mechanisms:	  
•  Single	  tunneling	  events	  

•  Pair	  backscaGering	  

•  2e	  charge	  transfer	  

veψ R↑
† ψ L↑ + . . .

vcψ R↑
† ψ R↓

† ψ L↑ψ L↓ + . . .

vsψ R↑
† ψ L↓

† ψ L↑ψ R↓ + . . .

Bosonized:	  

ve cosθc cosθ s + vc cos2θc + vs cos2θ s
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RG	  analysis	  of	  single	  contact	  
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For	  moderate	  interacRon,	  all	  processes	  irrelevant.	  Both	  phases	  are	  stable	  
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RG	  Flow,	  single	  contact	  
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•  Two	  stable	  fixed	  points,	  insulaRng	  and	  conducRng	  
•  In	  between	  one	  unstable	  fixed	  point,	  separaRng	  both	  phases	  



Two	  constricRons	  
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•  “Quantum	  dot”	  formed	  by	  double	  constricRon	  
•  Coulomb	  blockade	  
•  Kondo	  physics	  
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Strong	  constricRon	  limit	  
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•  V	  largest	  energy	  scale	  

•  MinimizaRon	  of	  V:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  either	  both	  even	  or	  odd	  integers	  

•  With	  the	  resonance	  condiRon:	  two	  degenerate	  spin	  states	  of	  the	  dot	  -‐>	  Kondo	  
problem	  
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The	  Kondo	  limit	  

•  Tunneling	  Hamiltonian:	  

•  Can	  be	  obtained	  also	  from	  the	  last	  Hamiltonian	  via	  an	  instanton	  expansion	  

•  	  	  	  	  	  single	  electron	  through	  both	  constricRons	  without	  changing	  spin	  of	  the	  dot	  

•  	  	  	  	  	  single	  charge	  transferred	  accompanied	  by	  spin-‐flip	  

•  	  	  	  	  	  	  spin	  exchange	  between	  dot	  and	  leads	  
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Phase	  diagram	  
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•  Without	  quadraRc	  terms	  

•  CC	  phase	  corresponds	  to	  single	  channel	  Kondo	  fixed	  point	  



Temperature	  dependence	  



Off	  resonance	  
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•  New	  parameter	  VG	  describes	  
how	  far	  off	  resonance	  the	  dot	  is	  

•  Large	  VG	  equal	  to	  single	  
constricRon	  

•  Small	  VG	  equal	  to	  resonant	  case	  
	  

•  CriRcal	  VC	  with	  metal-‐insulator	  
transiRon	  



Conclusion	  

•  Considered	  a	  QSHI	  with	  double	  constricRon	  

•  3	  important	  parameters:	  LuNnger	  parameter	  g,	  constricRon	  strength	  v,	  of	  
resonance	  condiRon	  VG	  

•  Non-‐monotonic	  dependence	  of	  conductance	  on	  T	  

•  Metal	  insulator	  transiRon	  at	  VG=VC	  


