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Outline:

•Fractional quantum Hall effect and polyacetylene.

•Non-abelian quantum Hall state.

•Featureless Mott insulators.
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Related works



Fractional quantum Hall state and polyacetylene



• Solitons in 1D charge density wave

• Quasiparticles in fractional quantum Hall effect

Charge fractionalization



Domain walls in Polyacetylene

two degenerate ground states

Domain wall

R. Jackiw and C. Rebbi, Phys. Rev. D 13,3398 (1976).
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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



Fractional-charged quasiparticle in fractional quantum Hall liquid

Goldman Science (2000)
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A connection between charge 
fractionalization in

polyacetylene
and                         

fractional quantum Hall effect



The Lowest Landau level and 1D lattice



Simultaneously conserves C.M. momentum and position !





Exp(-0.6/κ2)





Besides the Chern-Simons theory, the 2D 
1D mapping offers another simple way to 
understand the fractional quantum Hall state. 



Non-abelian quantum Hall states
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Non-abelian quantum Hall state
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Featureless Mott insulators



Anderson’s spin liquid proposal: the parent compound of 
high Tc conductor is a “spin liquid”.

Spin liquid is a featureless Mott insulator ! This is a state with 
no symmetry breaking.

+ + . . .

Resonating singlet patterns

Anderson, Science 1987



A curious fact: Most Mott insulators break symmetry, except 
for integer filling factors.



Oshikawa’s degeneracy

If a Mott insulator exists at filling factor = p/q, the 
ground state must be at least q-fold degenerate.

Oshikawa, PRL (2000)

Usually the required degeneracy is achieved through 
symmetry breaking. 



Theorem: Simultaneous conservation of the C.M. position and 
momentum implies Oshikawa’s degeneracy.

A ring with L 
sites

q
Seidel et al (2005)



C.M. conservation

Moessner and Sondhi, PRL(2001)



Summary

1.Unify the charge fractionalization in 1D CDW 
and fractional quantum Hall effect.

2. Derive a 1D model for the pfaffian quantum 
Hall state.

3. C.M. conservations and featureless Mott 
insulator.


