
Phys525:  
Quantum Condensed Matter Physics:  
emergent symmetry and phenomena  

 

Topological States, Topological ordered states and SPT: II 

 



• You are here



Triangle and kagaome lattices 
  (with SU(2) exchange interactions; Z2 spin liquids)



quantum dimer model (for spin liquids) 
(Rokhsar, Kivelson, 89; Moessner, Sondhi, Fradkin, 2002-2003)













Why SPT ? 
(Symmetry protected topological states)  

• are all spin disordered states (SU(2) spins) 
topologically ordered, i.e. is 1D AKLT (more 
discussions today) topologically ordered in the 
way how 2D Z_2 spin liquids are ordered 
(nonlocal order)?  

• What happens to Z_2 TI or TSCs discussed in 
free fermion models with TRS when interactions 
are induced? (Next week).



Topological ordered states vs Symmetry protected topological 
states 

a series of impressive attempts of using entanglement measure by 
Chen, Gu, Wen et.al,  2009-2012 (in Group 2)

• Topologically ordered states (TOS) with long range 
entanglements, or topological entropy; or topological 
degeneracy on torus etc. (Levin, Wen, 2005; Kitaev, 
Preskill, 2005) 

• Symmetry protected topological states (SPT) with short 
range entanglement entropy; no topological degeneracy 
on torus etc (discussions on AKLT). 

• SPT states belong to a well defined phase only if the 
symmetry is respected. Otherwise not. (Can be a 
presentation topic.)



• SPT always has gapless surfaces or degenerate 
surfaces disregarding how you cut. To gap it, 
surfaces are either SSB or intrinsic topologically 
ordered (no contradictions to what we had 
before!! see next page or come back next week). 

• TOS not always have gapless boundaries. ex: Z2 
Spin liquids. However, it can have, say in FQHE. 

On surfaces of SPT vs TOS



What do we mean by saying “topological order” ? 



Topics suggested for P3

• 1) Crossover from AKLT or other SPT into trivial phases. 

• 2) Kennedy-Tasaki hidden symmetry in the 
1D Heisenberg spin model—-extending AKLT feature to 
the Haldane phase. 

• 3) Topological Entanglement entropy: how to choose 
subsystems to pick up the gamma- term/topological term
—-more formal one.

D2 = Z2 × Z2



Topological entropy as a measure of topological 
order 

(Levin and Wen, 05; Kitaev and Preskill, 05) 

SVN = − TrρAlnρAρA = TrBρAB

SVN = αL − γ, γ = ln D

• based on von Neumann entropy and quantum 
dimension D. D=2 for the toric code,  for 
FQHE with filling factor 1/q, q=3,5,7..
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