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Outlook

● Review of plasmons:
● Plasmonics and applications
● Classical and quantum plasmons

● Computational approaches
● Classical methods: FDTD
● Electronic structure calculations: TDDFT
● Hybrid methods

● New developments:
● Analysis of plasmonic near fields
● Classical ED implementation in GPAW
● Hybrid quantum/classical calculations
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Review: plasmonics

● Surface enhanced spectroscopies
● Raman, Infrared, Fluorescence

● Sensors
● Waveguides, photovoltaics, nanoantennas
● Hot spots

● Cancer therapy, water purification

Liu et al.,
ACS Nano 
(2012)
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Review: plasmonics

● Classical charge oscillations
● Quantum effects

● Tunneling
● Spill-out of surface 

charge
● Nonlocal response
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J. Zuloaga et al., Nano Lett. (2009)
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Negre et al., J. Phys.: Cond. Matt. (2013)

Quantum (TDTB)

Classical ED (DDA)

● Plasmon coupling
● Classical ED
● Jellium nanosphere
● Atomistic nanoparticle 

Review: plasmonics



Combining TDDFT and classical electrodynamics simulations for plasmonics
Arto Sakko and Tuomas Rossi, 22.5.2013

  

● Visual approach

J . Yan et al., Phys. Rev. Lett. (2007)
T. Rossi, Special assignment work (2012)

L1

L2

TE

TCL0

Na chains

S. Bernadotte et al., J. Phys. Chem. C (2013)

● Dynamic interaction scaling approach

Review: plasmonics
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Computational approaches
Quantum mechanics: TDDFT framework

Classical Electrodynamics: FDTD

● Propagated quantities: ρ(r,t) and φ
j
(r,t) vs E(r,t) and H(r,t)

● Real space grid: Uniform spacing
● Derivative operators: Finite differences
● Grid spacing:  Δx ~ 0.2Å vs ~λ/10
● Time step  Δt ~ 10as vs ~Δx/c

F[Δμ(r,t)](ω)

Li et al., Nature Communications (2011)
http://www.electromagneticapplications.com
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→ δV(r, ω) and δE(r,ω) generated by the induced density δρ(r, ω)

T. Rossi, Special 
assignment work (2012)

L1

L2

TE

TCL0

Na chains

Near field distributions
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Near field distributions
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Classical ED

● Module for doing classical electrodynamics
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Classical ED

● Module for doing classical electrodynamics
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Classical ED
● What it does (FDTDPoissonSolver)

1.Propagate                
2.Solve
3.Solve 
4.Solve
5.Propagate

● What is implemented?
– New FDTDPoissonSolver class
– Lorentzian parametrization for permittivity (Na, Ag, Au)
– Geometry of classical material 
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Classical ED

Extract from Fig. 4 of the original NF paper
of Coomar et al., JCP 135, 084121 (2011):
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Classical ED

● Results: Sodium nanospheres
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Classical ED

● Results: Sodium nanosphere dimer
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Classical ED
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Classical ED
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Classical ED
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Classical ED
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Classical ED
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Classical ED

{
Longitudinal
orientation
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Electric near field from TDDFT
Electric perturbation                  induces charge density oscillations

Induced electric potential

Induced electric field

Field enhancement
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Electric near field from TDDFT
Electric perturbation                  induces charge density oscillations

TDDFT: time propagation or Casida method

Induced electric potential

Induced electric field

Field enhancement

gpaw.poisson.PoissonSolver

gpaw.fd_operators.Gradient
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Induced density from time propagation
Time propagation TDDFT: explicit time evolution of density 
(gpaw.tddft)

finite lifetime for excitations
or

Induced density 

In PAW formalism

compensation 
charges

or
correct electric 
potential and field 
outside augmen-
tation spheres

all-electron 
corrections
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Induced density from time propagation
Time propagation TDDFT: explicit time evolution of density 
(gpaw.tddft)

finite lifetime for excitations
or

Induced density 

In PAW formalism

time-dependent time-independent

compensation 
charges

or
correct electric 
potential and field 
outside augmen-
tation spheres

all-electron 
corrections

Fourier transforms                and               are calculated during time 
propagation for fixed     ,              can be constructed afterwards



Combining TDDFT and classical electrodynamics simulations for plasmonics
Arto Sakko and Tuomas Rossi, 22.5.2013

  

Induced density from Casida method
Casida method: linear response TDDFT formulation directly in 
frequency space (gpaw.lrtddft) 

Induced density

divergent at excitation frequencies 
→ modify to recover finite lifetime

pair density

Implemented as a post-processing step 
(LrTDDFT and GPAW objects required)

or
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Examples

4 Å

4 Å

Na
14

Casida TD
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Examples
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Examples

hot spot
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Examples

hot spot
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Conclusions
● New methods:

– Induced charge density

– Near field distributions

– Quasistatic classical electrodynamics

– Hybrid quantum/classical simulations

Thank you for your attention!


