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• The Jackiw-Rebbi and Su-Schrieffer-Heeger soliton.
• Abelian quantum Hall state on a thin torus and center-of -
mass conserving Hamiltonian.
• Bosonic pfaffian state on a thin torus.
• A generalization of Jackiw-Rebbi’s index theorem and the 
Majorana zero mode in the vortex of a p+ip superconductor.

Outline



Jackiw-Rebbi  half-charged soliton
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Massive Dirac Eq. in 1D of 
spinless electrons

Position-dependent mass



The Su-Schrieffer-Hegger domain wall

W. P. Su, J. R. Schrieffer, A. J. Heeger, PRB 22, 2099 (1980)



Fractional charged domain wall in 1D charge density wave

3 domain walls cause ΔQ = +e one domain wall 
causes ΔQ = +e/3.

The Su-Schrieffer counting argument



Abelian quantum Hall state on a thin torus



The Lowest Landau level and 1D lattice



Simultaneously conserves C.M. momentum and position !





As k decreases pair hopping range increases, but the center-of-mass 
position never changes degeneracy is preserved.



Exp(-a/κ2)





1D gapped systems with local interaction 
has local order parameters



2D example



Pfaffian state on a thin torus

Bergholtz, Kailasvuori, Wikberg ,and Hansson PRB 74, 081308 (2006).
Seidel and DHL, PRL 97, 056804 (2006).













Understanding abelian and non-abelian statistics 
from the thin torus point of view

A. Seidel and DHL, PRB, 76, 155101 (2007)
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Relation to Jack polynomials 



An index theorem for the Majorana zero mode 
Tewari, Das Sarma and DHL, PRL, 99, 037001 (2007).

Perform angular momentum decomposition 



Molecule limit

P+iP Bogoliubov-de Gennes Hamiltonian on square lattice 

BCS limit



2x2 matrix

trivial
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Gap closing transition BCSMolecular

g-k= gk
+



DHL, G-M Zhang, T Xiang PRL 99, 196805 (2007)

Majorana zero mode as edge soliton



Majorana 
fermion 
mode 



• The Jackiw-Rebbi-Su-Schrieffer-Heeger soliton.
• Viewing the abelian and non-abelian quantum Hall 

states on a thin torus.  Quasiparticle and the JRSSH 
soliton. 

• Center-of-mass conserving Hamiltonian and 
topological order.

• A generalization of Jackiw Rebbi  index theorem
• Majorana fermion zero mode as edge soliton

Conclusion
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