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Mesoscopic Rings

• Phase QM effects: A-B effect, persistent currents 

• PCs observed in metallic and semiconducting rings

• Many-electrons to few-electrons quantum rings

• Quantum rings of Dirac systems: graphene



Band structure of HgTe QWs 
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Band structure of HgTe QWs 
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Effective model near Γ point
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Hamiltonian in polar coordinates
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• change of basis: 
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pseudo spin (E1,H1)

Kramer’s partners (+,-)

• inclusion of magnetic flux      : 
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similar to rings in graphene,  

P. Recher et al. PRB (2007)



Symmetries
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operators:

(orbital AM)

(pseudospin)

(“total” pseudo AM)

(TR)

(real total angular momentum)
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- symmetry broken by
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Eigenstates of the ring

• Solutions                :



(1,2) m±½(Kr)  Besselfunctions (of order                , resp.)  
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• typical values for HgTe-QWs  



A 375meVnm



B  1.12 eVnm2



D 730meVnm2



Edge states of the ring

• conditions:

and



 (all 4-solutions for        are imaginary in the gap:                       ) 
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Edge states of the ring

• conditions:

and
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• Solving hard-wall boundary conditions:



 discrete bound states:

denotes radial 

quantum number

Ψ = ∑i ci



Dispersion of edge states
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Dispersion of edge states



a500nm



W 200nm



M 10meV
(inverted)



  1



  1

(internal boundary)

(external boundary)



  1



  1

(filled)

(empty)

Helical edge states

of disk and  hole



Spin-selective persistent current
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Spin-selective persistent current
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Localization properties of ring states
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• tunable localization properties by means of flux  
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Localization properties of ring states
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• tunable localization properties by means of flux  
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• two-kind of tunable qubits:

- edge qubits (inner      outer edge)





- spin qubits (                 )
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Rashba spin-orbit interaction

• Inversion symmetry breaking terms couple two blocks
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• spin-rotation by Rashba S.O.*

tunable from 0 to 30 meV by gate

* S. Debald and C. Emary, PRL (2004)
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Conclusions

• Bound states of 2D topological insulator ring 

(like HgTe QWs) threaded by magnetic flux

• Helical edge states allow for tunable mixing of edge 

and spin degrees of freedom 

• Four-band model for 2D topological insulator HgTe QWs

• Spin-sensitive persistent currents      single-spin detector





[or thin films of 3D TIs, like             and            , Liu et al. PRB (2010)]  
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Quantum Hall effects



Quantum Hall Effect

chiral edge state

B Insulating bulk state

breaks TR, magnetic field B

Quantum Hall effects

Quantum Spin Hall Effect

helical edge state

preserves TR, SOC


