
Phys525:  
Quantum Condensed Matter Physics:

Episode 4: PHC as an internal emergent symmetries (ES):  
slightly formal stuff and PHC in SSB states 

 



• Emergent PHC/CC symmetries: case analysis 

• A) due to interactions with background crystal 
structures, i.e. band structures with U(1) charge 
symmetries. (Often need tuning!!) 

• B) due to mutual interactions between particles 
via spontaneous symmetry breaking. (Very 
robust!!)



• Some more formal/general discussions on PH 
transformations and basic algebraic structures. 

• More realistic Haldane lattice model 

• PHC in SSB states (particle-particle interaction 
driven) 

Today’s plan





• More technical discussions on PHC  transformation 
and PHC symmetry as supplementary materials.







Discussions on a more realistic Haldane 
model in honeycomb lattices

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.61.2015
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.61.2015














more interesting case:  
PHC symmetry without U(1) symmetry 

via SSB


