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Kitaev-Heisenberg model and Na2IrO3 

Heisenberg term Kitaev term 

[Y. Singh and P. Gegenwart, Phys. Rev. B 82, 064412 (2010)]	 [G. Jackeli and G. Khaliullin, Phys. 
Rev. Lett. 102, 017205 (2009)]	
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Extended Kitaev-Heisenberg model  
and its phase diagram 

I1 : coming from crystal structure of Na2IrO3 
I2：coming from trigonal distorion 

Blue : 1st order 
Green : 2nd order 
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Phase diagram when 
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Entanglement spectrum (E. S.) 

ü  Kitaev spin liquid shows 
degeneracy of E. S. 

ü  Phase boundaries between the 
Kitaev spin-liquid and the 
magnetically ordered phases is 
determined by examining the 
Schmidt gap defined as Δξ = ξ1 – ξ2"



Kitaev honeycomb lattice model 
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ü  ground state: spin liquid with gapless Majorana 
excitation 

 
ü  When |Jz| >> |Jx,y|, the model can be mapped to toric-
code model. 

 
ü  If time reversal symmetry is broken, fermions acquires 
an energy gap and vortices obey non-Abelian anyon 
　　　Topological quantum computation 

 

スピン液体： 
強い量子揺らぎによって絶対零度でも、スピンのSU(2)対称性も 
並進対称性も破らない長距離秩序のない状態 
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[A. Kitaev, Ann. Phys. 321, 2 (2006)]	



Density-matrix renormalization group 
(DMRG) 

system block	 environment block	

Schmidt decomposition A	 B	

打ち切り次数 m が大きいほど、 
正確になる	

Entanglement entropy 

Entanglement spectrum 

[H. Li and F. D. M. Haldane, Phys. Rev. Lett. 101, 010504 (2008) ]"


