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QFT approach to graphene

Alfredo Raya,
IFM-UMSNH, México

Loewe’s 65 Fest, Santiago, December 2017
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A bit of history...
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A bit of history...

Saúl Hernández, David Valenzuela
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Graphene



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Graphene

Massless Dirac equation, H = vF (σ⃗ · p⃗)
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Graphene

Massless Dirac equation, H = vF (σ⃗ · p⃗)
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Graphene

I Brane-world scenarios
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Graphene

I Brane-world scenarios
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Planar Dirac fermions

{γµ, γν} = 2gµν

Two irreducible representations

γ0 = σ3, γ1 = iσ1 , γ2 = ±iσ2

No chiral symmetry

Γ = iγ0γ1γ2 = ±iI

Mass term mψ̄ψ breaks Parity and Time reversal
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Planar Dirac fermions

{γµ, γν} = 2gµν

Reducible representation, ordinary γ-matrices

Two chiral-like transformations

ψ → e iαγ5ψ , ψ → e iβγ
3
ψ

Two mass terms mψ̄ψ, mhψ̄τψ, τ = [γ3, γ5]/2.
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LKFT in Reduced QED4,3: Graphene

I We start from the action 1

Idγ ,de [Aµγ , ψde ] =

∫
ddγx Ldγ ,de ,

I With the Lagrangian

Ldγ ,de = ψ̄(x)iγµeDµeψ(x)δ
(dγ−de)(x)− 1

4
FµγνγF

µγνγ

− 1

2ξ
(∂µγA

µγ )2

1
A. Ahmad, J.J. Cobos-Mart́ınez, Y. Concha y AR, Phys. Rev D93, 094035 (2016).
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Graphene

I The free photon propagator is

Dµγνγ (p) =
−i

p2

(
gµγνγ −

pµγpνγ
p2

)
+ ξ

pµγpνγ
(p2)2

,

I but when reduced to a de-dimensional brane becomes

Dµeνe (p) = D(p2)

(
gµeνe −

pµepνe
p2

)
+ ξ̃D(p2)

pµepνe
p2

.

I with

D(p2) =
i

(4π)εe
Γ(1− εe)

(−p2)1−εe
,

where εe = (dγ − de)/2 and ξ̃ = (1− εe)ξ.



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Graphene
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Light Absorption in Graphene
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Faraday Effect in Graphene
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Vacuum Polarization Tensor
Modified Maxwell’s equations

∂µF
µν + δ(z)ΠνρAρ = 0 ,

Boundary conditions

Aµ

∣∣∣∣∣
z=0+

− Aµ

∣∣∣∣∣
z=0−

= 0

(∂zAµ)

∣∣∣∣∣
z=0+

− (∂zAµ)

∣∣∣∣∣
z=0−

= Πν
µAν

Observables

I = 1− Re(σxx) ,

θF = −1

2
Re(σxy ) .
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Vacuum Polarization Tensor

In vacuum

Πµν(p) = Ψ(p2)

(
gµν − pµpν

p2

)
+Φ(p2)ϵµναpα

= Maxwell+ Chern− Simons

For a finite Haldane mass

I = 1− απ

θF = α
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Vacuum Polarization Tensor

In a magnetic field

Πµν(p) = Ψ(p2)

(
gµν − pµpν

p2

)
+Ψ⊥(p

2
⊥)

(
gµν
⊥ −

pµ⊥p
ν
⊥

p2⊥

)
For a weak magnetic field

I = 1− απ(1 + 4
(eB)2

ω4
).
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Final remarks

I Natural extensions of relativistic QFT techniques in condensed
matter systems

I Extensions

I Finite temperature and density

I Next-to-nearest neighbors Preliminary: Unchanged
transparency.

I Strain

I Your choice...
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