
Kyungsun Moon (Yonsei U.)

Topological Matter 

2010 KIAS-SNU Physics Winter Camp

Courtesy of J. Eisenstein



Quantum Matter and Broken Symmetry
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Topology

Stable over Smooth Continuous Deformation
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Spin texture ( )rm rr
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Band Structure of Solid



Two-Dimensional Electron Gas (2DEG)



Ω≅= 807.258122e
hRQ

Integer Quantum Hall effect 

(von Klitzing,1980) 
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Fractional Quantum Hall effect 

(Tsui, Stormer, Gossard, 1982) 

• Cleaner sample

• Cooler temperature

• Higher magnetic field 
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Quantum Hall Edge States 

B

Chiral Edge states due to Broken time reversal symmetry 

Topologically Stable Conducting States

Disorder: Back-scattering is strongly suppressed

Coulomb Interaction: Chiral Luttinger liquid



Transport through a quantum point contact
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Quantum Hall States (Topological Matter) 

Characterized by an integer N:  Number of chiral edge states

Quantized Hall conductance
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TKNN number (Thouless-Kohmoto-Nightingale-den Nijs)

First Chern number (Topologically invariant)



Quantum Spin Hall States (Helical Edge states)

Time reversal invariance

[S.C. Zhang]



Band Structure of HgTe

B. Bernevig, T. Hughes, S.C. Zhang, Science 314, 1757 (2006).





Role of Coulomb Interactions: Topological Excitations  

• Spin texture states: Skyrmion

• Bilayer quantum Hall system (BQHS): Meron

• BQHS with parallel magnetic field: Domain wall
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“Flatlanders”

When Δ=0, one-body gap disappears.

Coulomb interaction
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V≠0     Coulomb interaction

Ground state : Quantum Hall ferromagnet

: SU(2) symmetry

Coulomb interaction minimized!!

‘Rigidity’

“Interaction is crucial to select out the ground states”
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|G.S.> Spin texture ( )rm rr

Ground state : Quantum Hall ferromagnet

Charge neutral: Spin wave Particle-hole pair



Topological excitation: Skyrmion

sample GaAsfor   7  :Spin ≈ΔS
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NMR Knight shift measurement : Skyrmion

[Barrett et al.]



Bilayer Quantum Hall System

Experiment
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Spin is fully polarized due to Zeeman gap.
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Experiment-1

Gap collapses at T=0.4K
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Experiment-2
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Real spin 
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Bilayer Quantum Hall System
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Pseudo-spin

‘Proton’ ‘Neutron’

Q.M.
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N electrons
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Interaction V minimization : SU(2)

Pseudo-spin fully polarized

(i) z=x+iy
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(ii) Hund’s rule : Ground state  →  Maximum pseudo-spin

|G.S.> Pseudo-spin texture ( )rm rr



Effective Energy Functional

Exchange E
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Excitations

Singularity ‘NO’ Core spin // ẑ
Escape into the 3rd dimension.
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Charge Excitation: Meron-pair
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KT Phase Transition
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Finite tunneling  ΔSAS ≠ 0
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Linear confinement rT DW ⋅≈ ε
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DW Energy

(cf. quark – antiquark)

Finite D.W. ≡  Meron – pair excitation



The role of parallel B|| field
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Meron-pair Excitation Energy
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Meron-pair Excitation Energy
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