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Classification of NG modes completed for  

                                             internal symmetry 

vortices,solitons 

objects systems 

Quantized vortex Superfluid He, BEC 

Domain wall Anisotropic ferromagnets 
2 component BEC 

Skyrmion lines Isotropic ferromagnets 

Non-Abelian vortices Multicomponent BEC 

NG modes localized around but not yet for  

space-time symmetry 
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Summary 

(1) Dispersion relations in finite systems 

     type-I NG: e~k,      type-II NG:   e~k2 

(2) Symmetry (commutation relation) 

     Watanabe-Brauner relation 

      <[X,Y]>=/=0: 1 type-II   <[space-time,internal]>=/=0 

      <[X,Y]>  = 0: 2 type-I 

(3) Dispersion relations in infinite systems 

 normalizable         : the same with finite system 

 non-normalizable e~f(R)kn : Rk-1,non-integer power 

(Kelvon&ripplon were not recognized as NG thus far) 



What I didn’t talk about: 

1) So far, mean field,  

   Beyond mean field: Coleman-Mermin-Wargner 

   type-II NG seem to be stable at quantum level 

   …can be proved by Bethe ansatz (for some case) 

2) Bogoliubov theory approach: Gram matrix 
  

Disscussion: 

1) Proof for general cases (finite & infinite R) 

2) Localized Higgs modes? 

3) NG fermions (SSB of fermionic symmetry) 

        - edge mode of topological insulator/superconductor? 


