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▪ Metal losses strongly affect performance

▪ Difficult to “actively tune” plasmons 
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Graphene

𝐸𝐤 = ℏ𝑣𝐹|𝐤|

𝑣𝐹 ≈ 𝑐/300

– Atomically-thin carbon layer

– Linear e- dispersion relation

– High charge-carrier mobility
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A. H. Castro Neto et al., Rev. Mod. Phys. 81, 109 (2009).
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Graphene

– Atomically-thin carbon layer

– Linear e- dispersion relation

– High charge-carrier mobility
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Graphene plasmonics
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Localized graphene plasmons
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Quantum optics with graphene plasmons
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Quantum light emitters
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Towards near-IR and visible
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Atomistic description

Single-electron density matrix EOM:

2p orbital at 

carbon site l

ρll → e- population at carbon site l

Tight-binding Hamiltonian

External potential

Coulombic electron-electron interaction
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Quantum finite size effects
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Graphene nonlinear response
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Graphene nonlinear response
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Nonlinear graphene plasmonics

Review article: J. D. Cox and F. J. García de Abajo, Acc. Chem. Res. 52, 2536 (2019)



Nonlinear graphene plasmonics
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Nonlinear graphene plasmonics
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Nonlinear near-field coupling

J. D. Cox and F. J. García de Abajo, PRL 121, 257403 (2018)



Nonlinear near-field coupling

Plasmon τp ≈ 66 fs;

QE decay 1/Γ0 = 1 ns;

Spacing d = 20 nm

J. D. Cox and F. J. García de Abajo, PRL 121, 257403 (2018)

D = 50 nm



Power absorption

Plasmon τp ≈ 66 fs;

QE decay 1/Γ0 = 1 ns;

EF = 0.5 eV

D = 50 nm

J. D. Cox and F. J. García de Abajo, PRL 121, 257403 (2018)



Power absorption

D = 50 nm

Plasmon τp ≈ 66 fs;

QE decay 1/Γ0 = 1 ns;

On resonance

J. D. Cox and F. J. García de Abajo, PRL 121, 257403 (2018)



EIT
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EIT
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Temporal control

Peak intensity 1 TW/m2

FWHM duration 100 fs

J. D. Cox and F. J. García de Abajo, PRL 121, 257403 (2018)



Temporal control
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Temporal control
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Single-photon-level nonlinear optics



Quantum logic
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Quantum logic
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Thermo-optical switching
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Thermo-optical switching

D=10 nm
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Thermo-optical switching
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Thermo-optical switching
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Nonlinear interactions with electrons
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Estimating electron-induced nonlinearity
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Electron-induced nonlinear phenomena
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Electron-induced nonlinear phenomena

J. D. Cox and F. J. García de Abajo, Nano Lett. 20, 4792 (2020)



Summary

Appealing prospects for nonlinear graphene plasmonics:

• Electrical control over quantum optical states

• Single-photon-level optical nonlinearity

Further details: http://physics.sdu.dk/people/cox
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