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Single antenna spring model
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Driven harmonic oscillator + radiation reaction

~p
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, (3)

γr =
n3

6πε0c3
α ⇒ losses due to radiation (4)
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Cross-sections
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Magnetic interaction - weak limit

Without magnetic material

C
(0)
abs =

ω

2
ε0ε
′′
∫

dV
∣∣∣ ~E ∣∣∣2/ I0 (7)

⇓

With magnetic material

Cabs = C
(0)
abs +

ω

2
µ0µ

′′(ω)

∫
dV

∣∣∣ ~H‖ ∣∣∣2/ I0 (8)

Assumption: weak magnetic material (1st order perturbation) ⇒ field distribution
remains the same, only the overall amplitude will be scaled

C
(m)
abs =

∣∣∣~P ∣∣∣2∣∣∣~P (0)
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∣∣∣2 =
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Magnetic interaction - small limit correction

We further introduce damping parameter γm in analogy with γi

⇓

~p =
6πε0c

3

n3

γr

ω2
0 − ω2 − iω (γi + γm + γrω2)

, (10)

Assumption: the magnetic transition is tuned to the plasmonic resonance and the
linewidth of the former is much smaller than the linewidth of the latter

C
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Extinction cross-section

C
(0)
ext =

6πc2

n2

γr
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However, we use diabolo arrays ⇒ what is different?
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Green’s function formalism

2D homogeneous isotropic layer: ~P (~r ) = α~E(~r ), α = ε0ε(ω) (16)

~E(~r ) = ~E1(~r ) +

∫
d~r ′ G~

~

(~r − ~r ′)~P (~r ′) (17)

~P (~r ) = α

[
~E1(~r ) +

∫
d~r ′ G~

~
(~r − ~r ′)~P (~r ′)

]
(18)

⇓

Fourier space

~P (~r ) =

∫
d~r ~P (~q ) e−i~q ·~r , ~P (~q ) =

1

(2π)2

∫
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[
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~
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]

(20)
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Green’s function formalism II

2D structured layer: ~P (~r ) = α(~r ) ~E(~r ), α(~r ) = f(~r )ε0ε(ω) (21)

~P (~r ) = α(~r )

[
~E1(~r ) +

∫
d~r ′ G~

~

(~r − ~r ′)~P (~r ′)

]
(22)

⇓

Fourier space

~P (~r ) =

∫
d~r ~P (~q ) e−i~q ·~r , ~P (~q ) =

1

(2π)2

∫
d~r ~P (~r ) ei~q ·~r , (23)

~P (~q ) =

∫
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[
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~
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]
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Periodic array

α(~r ) =
∑
mn

α′(~r − ~Rmn), ~Λmn =
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)
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∑
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⇓
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(27)
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Far-field

~EFF(~r ) = (2π)2

∫
|~q|<k1,k2

d~q e−i~q ·~r G~

~

FF(~q ) ~P (~q ) (28)

Assumption: dense array |~Λmn| > nω/c for m ∨ n 6= 0

⇓

Suppression of every ~P (~q ) except at ~q = 0

~EFF(~r ) =
ik1

2ε0ε1
ts ~P (~q = 0) e±ik1,2z (29)
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Antenna array spring model

~P (~q = 0)
(
ω2

0 − ω2 − iωγi

)
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(
ts ~E1 +

ik1

2ε0ε1
ts ~P (~q = 0)

)
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2ε0cn1

µ1

γr

ω2
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, (31)
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[
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(
γ2

r + 2γrγi

)
(ω2

0 − ω2)2 + ω2 (γi + γr)
2

]
(32)

R = r2
s + ts

ω2
[
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2
r − 2rsγrγi

]
(ω2

0 − ω2)2 + ω2 (γi + γr)
2

(33)

A = 2t2s
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(ω2
0 − ω2)2 + ω2 (γi + γr)

2
(34)
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Antenna array spring model - fit

γr ≈ 0.31ω0, γi ≈ 0.02ω0 (35)
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Antenna array - magnetic interaction

Assumptions:

- homogeneous thin magnetic layer with relative permeability µ(ω) that can be
described by a Lorentz model with linewidth much smaller than the linewidth
of the plasmonic resonance

- apart from amplitude scaling, the magnetic interaction does not affect the field
distribution of the diabolo array

⇓

∆T

T (0)
=
k1dµ

′′(ω)

µ1

[
γr + γi

γi

ηavg

ts
− 2γr + (1− rs) γi

γi

]
(36)

∆R
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[
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γr − rsγi
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(
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Single diabolo - FDTD vs. spring model
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Diabolo array - FDTD vs. spring model
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