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Physical Model
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The Dipole Approximation
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 - Polarizability of the -th particle
ˆ ( , ) - Green's function for the
                    electric field in vacuum
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Model for the Polarizability, α
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    [ Quasistatic approximation  +  the first radiative correcton ]
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Simulation in a Finite Chain of N=1000 
Identical Nanospheres
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Analytical Solution in an Infinite 
Periodic Chain
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The dispersion equation: 
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The Quasi‐Particle Pole Approximation
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The Dipole Sum (Transverse Oscillations in an 
Infinite Periodic Chain



The Dispersion Curve (Transverse Oscillations in 
an Infinite Ordered Chain)



Dispersion Curves (continued)

Quasistatic
(ordinary) SP

Non‐Quasistatic
(extraordinary) SP



Simulation in a Finite Chain of N=1000 
Identical Nanospheres
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Effect of Ohmic Losses
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Effects of Disorder

• Off‐diagonal disorder (disorder in the 
nanoparticle positions) 

We assume here that the position of the n‐th
particle is evenly distributed in the interval
[h(n‐A), h(n+A)] ,   A<<1

• Diagonal disorder 
[A more subtle effect, not considered in this talk;         
see Phys.Rev.B 75, 085426 (2007)]
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Different Realization of Disorder at the 
Level A=0.01
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Different Realization of Disorder at the 
Level A=0.02
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Non‐Quasistatic SP at Different Levels of 
Disorder

Quasistatic
(ordinary) SP

Non‐Quasistatic
(extraordinary) SP

Let the 
frequesncy be 
small enough 
so that the 
ordinary SP is 
not excited



Non‐Quasistatic SP at Different Levels 
of Disorder (continued)
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Specific Extinction for Excitation by a Plane 
Wave exp(iqx)

(e.g., created by the TIR, q can be larger than k)

Ordinary 
(quasista
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(non‐
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CONCLUSIONS

• Extraordinary SP can propagate to remarkable 
distances and is affected by the off‐diagonal 
disorder only weakly

• This is in contrast to the ordinary SP which is 
dramatically affected by Ohmic losses and 
disorder

• Numerical evidence indicates that the ordinary SP 
becomes strongly localized in the presence of 
disorder while the extraoirdinary SP does not. 
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