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Massless Dirac electron system in solid
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Weyl Hamiltonian
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Normal metal

２Ｄ Dirac electron
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Electron correlation

DOS

Long-range Coulomb interaction
is important in Dirac electron 
system.
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Excitonic mass generation
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Mean field order parameters sublattice:̂

valley:̂
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Real Space Momentum Space
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Formulation

   







 

i

i

ji

jiij

ji

ijji n
U

nnVcccctH 
22

1

,,












iiiii ccccn










U

RR

e

V jiij


2
ji 

ji 

Mean field theory

'0 HHH 

 

























 

k

kk

k

kkkk

k

kkMF BBBBAAAAUH
'

''

'

''

'

  













 
qkk

kkqkqkkkqkqk BBBBAAAAqV
,',

'')(

  













 
qkk

kkqkqkkkqkqk BAABABBAqV
,',

'')(
~













)0,0(),(
22

)(2

',',

21

)(
mn

mqnqi

ssss

mnmn

ee
UqV










),(
22

)(2

3/1
~)(

~ 21

mn

mqnqi

nmmnmn

ee
qV



)(', qVU lss  



singlet・triplet

linearized self-consistent field equation

excitonic order parameters
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Order parameters in momentum space

even odd
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Summary

We study about excitonic mass generation in 
Honeycomb lattice model.
In continuum model, several excitonic orders are 
degenerated.
We find that in lattice model, the degeneracy of 
excitonic orders is broken.
For realistic parameter U=1.2t(graphene), BOW state is 
stable for α>0.8.



sublattice -representation band-representation
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BOW(Honeycomb)

BOW in Honeycomb lattice correspond to the Kekulé distortion.

C. Y. Hou et al., Phys. Rev. Lett. 98 186809(2007)



Topological aspect of the quantum mechanics
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excitonic mass generation in graphene

Monte Carlo calculations:
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面直磁場によりαc減少、Δ増大



F. Amet, J. R. Williams, K. Watanabe, T. Taniguchi, and D. Goldhaber-Gordon
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グラフェンにおける電気抵抗

シリコン基板上においたグラフェンの電気抵抗(右図インセット)

２次元ディラック電子系に普遍的な振る舞い？


