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Outline :

- elementary facts about 2DEGs

- striking facts from FQHE (GaAs)

- Graphene and Landau levels

- SU(4) approximate symmetry

- explicit breaking of symmetry down to SO(5)

- aspects of ferromagnetism at filling factor 2

- conclusions



  

WHY study 2DEGs ???????

The answer is :
HEMTs



  



  



  

Better transistors require better mobility :

This is good for fundamental physics !!!!



  



  



  



  



  



  



  



  



  



  



  



  



  



  

2+1 dimensional Dirac fermions with two flavors and real spin



  



  



  



  



  



  



  



Quantum Hall Ferromagnetism at neutrality

EXACT eigenstates of the fully SU(4) symmetric Coulomb interaction



SU(4) irrep



Effective Hamiltonian in the nu = 0 Landau level :



Coulomb interaction is SU(4) symmetric : 15 generators
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How do we know it is true beyond mean field ??









Summary

Competing phases at graphene neutrality with 
rich symmetry-breaking pattern
Anderson's Tower of states signature of symmetry
breaking
SO(5) symmetry relating Kekule and AF states for a 
realistic Hamiltonian
MFT is true in this 2+1 system
All phases CDW, AF, CAF and KD are gapped : not clear
yet what is the choice of Nature
Under way is the study of fractions 5/3 and 4/3
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Summary

• SO(5) symmetry

• ν=0 quantum hall states
   finite-size effect;
   numerical results agrees with mean-field theory

• fractional filling factors
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ν=-1/3 states

Ec(1,1/3,1/3,0)<Ec ( 1,2/3,0,0)             Ec(2/3,2/3,0,0)<Ec ( 1,1/3,0,0)

I. Sodemann and A. H. MacDonald, arXiv:1310.1642.
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ν=0 quantum Hall ferromagnetism
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ν=0 Coulomb ground states:  2 spinors are occupied at each LL orbital

Tz-constant plane

SU(4) multiplet structure
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