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2D Chern insulator 



•  2D CI predicted in magnetically doped semiconductors Bi2Te3, Bi2Se3, 
and Sb2Te3 (Yu et al., Science 2010) 

•  Experimentally observed recently in Cr-doped thin films of BixSb1-xTe3 

Chang et al., Science, 12 April 2013 
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Interaction effects in the 2D CI 

•  Interactions in a spinless CI at fractional fillings ν=1/3, 1/5, … of 
the valence band can give a fractional CI = lattice FQH state 
(Tang, Mei, Wen, PRL 2011; Sun et al., PRL 2011; Neupert et al., PRL 2011; 
Sheng et al., Nature Commun. 2011; Regnault and Bernevig, PRX 2011) 

 
•  Here we focus on a spinful CI with completely filled valence band 

(C=2 state) 



Interaction effects in the 2D CI 

•  U(1) slave-rotor mean-field theory (He et al., PRB 2011, PRB 2012) and 
small-cluster ED on the equivalent spin model at U�∞ (Nielsen, 
Sierra, Cirac, arXiv 2013) predict that the ground state at large U is 
the Kalmeyer-Laughlin chiral spin liquid state (bosonic 
ν=1/2 Laughlin state) 

•  At large U, charge degrees of freedom are frozen 

U/t 
weakly correlated CI CSL 



Interaction effects in the 2D CI 

•  U(1) slave-rotor mean-field theory (He et al., PRB 2011, PRB 2012) and 
small-cluster ED on the equivalent spin model at U�∞ (Nielsen, 
Sierra, Cirac, arXiv 2013) predict that the ground state at large U is 
the Kalmeyer-Laughlin chiral spin liquid state (bosonic 
ν=1/2 Laughlin state) 

•  At large U, charge degrees of freedom are frozen 
•  Can there be interesting novel phases at intermediate U? 

U/t 
weakly correlated CI CSL ? 



Z2 slave-spin theory 

•  The Haldane-Hubbard model can be mapped to a (2+1)D Z2 
gauge theory with bosonic and fermionic matter using the Z2 
slave-spin representation (Huber and Rüegg, PRL 2009; Rüegg, Huber, 
Sigrist, PRB 2010; Nandkishore, Metlitski, Senthil, PRB 2012) 

τr
z = +1 +1 -1 -1 



Effective Z2 gauge theory 

•  Projection to physical Hilbert space introduces a Z2 gauge field 
σij=±1 (Senthil and Fisher, PRB 2000) 



Effective Z2 gauge theory 

•  Small U: large κ, slave-spins τx condense � weakly correlated CI 
•  Infinite U: κ=0, slave-spins can be trivially integrated out, effective 

Hamiltonian has 4-slave-fermion terms f†f†ff with the constraint of 
one slave-fermion per site � effective spin model � possible CSL 

•  Large but finite U: integrating out slave-spins gives “kinetic” term 
for Z2 gauge field 

•  Focus on deconfined phase of the resulting Z2 gauge theory 
(Wegner, 1971) which we call CI* 

U/t 
weakly correlated CI CSL CI* 



From Z2 to U(1) 

•  Z2 gauge theory can be written as U(1) gauge theory coupled to 
conserved charge-2 “Higgs” link variable (Ukawa, Windey, Guth, PRD 
1980) 

•  Deconfined phase: U(1) gauge field is weakly coupled and we can 
take the continuum limit 

Δµni,i+µ = 0 

p=2 

level-p (2+1)D BF term 



TQFT of CI* phase 

•  CI* phase is a chiral topological phase, with TQFT of the BF + 
Chern-Simons type 

BF term describes Z2 topological order of Z2 gauge 
sector (Hansson, Oganesyan, Sondhi, Ann. Phys. 2004) 

CS term obtained by integrating out 
gapped slave-fermions, encodes 
Chern number C=2 of electron 
bandstructure 



 
•  Hall conductance and quasiparticle charge are integer, but statistics 

are fractional (semionic) and ground state on T2 is 4-fold degenerate 

Properties of CI* phase 



Linear vs nonlinear response 

•  In CI* phase, spontaneously created Z2 vortices can screen 
external fluxes and modify Hall response in nonlinear regime 



Quasiparticle excitations of CI* phase 

•  Excitations of Z2 gauge field are Z2 vortices (visons) = π fluxes 

•  A π flux in a ν = 1 QH state traps a fermionic mode with charge 
e/2, and the resulting bound state is an anyon with θ = π/4 
(Weeks et al., Nature Phys. 2007) 

•  A π flux in a spinful (C = 2) CI state traps a fermionic mode with 
charge e: bound state is a semion (θ = π/2) 

Band topology + interactions ! novel states of matter 
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Conclusion 

•  The interplay of band topology and electron correlations can lead 
to qualitatively new quantum phenomena 

 
•  Hubbard interaction in a spinful (C=2) Chern insulator can lead 

to a “hybrid” topological phase with integer Hall conductance and 
quasiparticle charge but nontrivial GSD and fractional statistics 

•  Hubbard interaction in a 3D topological insulator can likewise 
lead to a gapped fractionalized phase, the TI*, and possibly also 
a condensed matter realization of oblique confinement 

•  The search for exotic phases in 4d and 5d transition metal 
compounds is a promising direction for the experimental 
realization of novel topological quantum phenomena 


