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Outline 
 Electronic structure in the normal state
 Possible superconducting state
 BdG Dirac equations for SC graphene
 Problem of supercurrent



Electronic properties

Normal properties: Novoselov et al., Nature (2005)
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Electronic structure in the normal state

Real space Brillouin zone



McClure (1957),
Slonczewski and Weiss (1958)

Wallace (1947)

Review: Castro Neto et al., Rev. Mod. Phys. v.81,109 (2009); arXiv:0709.1163

Spectrum near the Dirac points



Near the corner points

Schrödinger equations
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Superconducting state



Order parameter

Uchoa, Castro Neto (2007),
Black-Schaffer, Doniack (2007),
Sasaki et al (2007) 
Zhao, Paramekanti (2006)

Phonon, Plasmon: 
RVB:
Phonons+edge states:
Hubbard model:

Various mechanisms of pairing

• Induced superconductivity

• Intrinsic superconductivity

Sato et al. Physica E (2008)

Induced SC transition
in graphene
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Normal-state spectrum



Current carrying state

For within the first-order terms in

BdG equations

Doppler energy

Model description of SC
K & Sonin, PRL (2008)



Linear response for small

Current

 Zero doping

 Zero temperature

Current is finite at T=0 As distinct from: Uchoa, Cabrera, & Castro Neto (2005)

2D density



Uchoa, Cabrera, & Castro Neto (PRB, 2005)

Current vanishes for µ→0



Usual 3D case

Dirac point, zero doping

Supercurrent at T<<Δ
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Total number of electrons

Supercurrent is finite despite the zero DOS at 
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Unit cell Brillouin zone Extended zone scheme

Microscopic description of the current-carrying state

BdG equations

Supercurrent



Zero-current ground state



Eigen-states for zero current



Current-carrying state

Spectrum

Two limiting cases

Doppler-shifted energies

No Doppler shift

Degenerate state,



Correction to the supercurrent diverges because it extends over the entire BZ

Linear response,

Supercurrent
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Regularization of the divergence



The same result is obtained if one subtracts the normal current





Requires a special consideration

No Doppler energy



Conclusions

 No qualitative difference between the critical temperature, 
superconducting gap and supercurrent obtained for the
simple model and for the two-valley BdG-Dirac description

 The supercurrent is finite at any doping level as long as 
superconductivity exists


