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Graphene

Massless Dirac equation, H = vg (& -

p)
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Planar Dirac fermions
{7} =2¢""
Two irreducible representations

V=03, Al=ict, 4P =io’
No chiral symmetry
M =iy = il

Mass term miip breaks Parity and Time reversal



Planar Dirac fermions

{7} = 2"

Reducible representation, ordinary y-matrices

Two chiral-like transformations
. . 3
= €Y, ey

Two mass terms m1/_)1/1, mm/_Jﬂb, T = [73775]/2-



LKFT in Reduced QED,3: Graphene

» We start from the action !

Id"/,de[AH'wwde] = /ddWX £d’y7de7

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



LKFT in Reduced QED,3: Graphene

» We start from the action !

Id"/,de[AH'wwde] = /ddWX £d’y7de7

» With the Lagrangian

- _ 1 y
Lapa = DO Do (x)6E ) (x) = 3 Fu F0
1

(0 A

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



Graphene

» The free photon propagator is

—i P, Pv Pu~ P
D,u,,yljry(p) = ? <gu7uw - ;2 ’Y> +£ (;2)27 )
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» The free photon propagator is
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» but when reduced to a de-dimensional brane becomes
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» The free photon propagator is

—i P, Pv Pu~ P
D,u,,yljry(p) = ? <gu7uw - ;2 ’Y> +£ (;2)27 )

» but when reduced to a de-dimensional brane becomes

p epl/e p epl/e
Dyeve(P) = D(p?) (gueue — ”p >+£D( )“piz-

> with
i T(l—ee)

(4m)ze (—p2)t=ee’
where e. = (d, — de)/2 and € = (1 — £¢)€.

D(p*) =



Light Absorption in Graphene

light transmittance (%)
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Faraday Effect in Graphene

Elsotrig field of lght E{f}




Vacuum Polarization Tensor
Modified Maxwell's equations

O F"™ + 5(z)"PA, =0,

Boundary conditions

AL - A, =0
z=01 z=0—
(0:A,) — (9:Au) = I'IZA,,
z=0* z=0—
Observables
Z=1- Re(ox) ,
1
0/: = —*Re(O'Xy)



Vacuum Polarization Tensor

In vacuum

y _ v PP va
n(p) = () (g“ N )+¢( 2)ehverp,

= Maxwell + Chern — Simons

For a finite Haldane mass

9[::04



Vacuum Polarization Tensor

In a magnetic field

v , P'pY » PLPY
N (p) = W(p?) <g“ _p2> + ¥, (p?) (gﬁ - ;f)
1

For a weak magnetic field
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Final remarks

» Natural extensions of relativistic QFT techniques in condensed
matter systems

» Extensions

» Finite temperature and density

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

» Strain

» Your choice...
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