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Parameters

a, | -granule size;
O - gap between granules;
g(w)=¢c'+ie" - metal permittivity;

g'>¢e" £'<0; 5" > ]

For 620 nm wavelength the constants are:
Gold—- ¢&'=-10.66; &"=1.37
Silver- ¢&'=-17.24; &"=0.5



Equations

We assume that: \/Eka <l k=w/c

Thus, electric field is potential:
E=-V¢; V¢=0
Boundary conditions :
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Modes of single granule

Single spherical granule:
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Modes of pares of granules
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Conformal mapping
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Surfaces &=¢,
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R —curvature radius of the granule surface at
the gap center

e Gap width-~ 0,
* Gaplength- —~ /RS ~1



Quasi-momentum

D(x,y+1)=e"D(x, ),

(&, n) =" (=&, 7~ 1);
(& 1) =™ O(=&,~7 —1)



Quasi-momentum g=0
® = sh[(2n+1)&]cos[(2n+1)7]
&' =—cth[(2n+1)&,]
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Quasi-momentum q=7 /[

® = sh[2(n+1)&E]cos[2(n+1)7]
e =—cth[2(n+1)¢, ]
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Resonance zones

Ag” =cth [(Zn +1)&, ] —cth [Z(n +1)¢&, ] ;
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Charge distribution.
Pair of granules.



Charge distribution. Chain of granules.
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General expression for potential.

D = D(& +in) + (&~ i)
® =[th(w/2~iz/H]"" Y B, (coslim(w—iz /2)}—(~1)")

O" =% A, e cos(mn)



Mode dispersion

For small values of quasi-momentum: g/ < 1
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External field enhancement

Round cylinders:
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Oblate cylinders:
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Reflection from thin plate.

a - plate thickness, \/;ka <1

If cka <1 - reflection coefficient R < 1

If cka>1 -reflection coefficient R ~1



Reflection coefficient

E=E (" +Be™)
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B — reflection amplitude.
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D, =GE,; E,=E, (1+B)



Reflection coefficient. Estimations

Round cylinders:
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Oblate cylinders:
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Reflection coefficient. Analytic solution
for oblate cylinders.
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Reflection coefficient. Analytic solution
for oblate cylinders.
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—cth[fo] < g<—cth[3ffo] —> B=0 (&"=0);



Conclusions

* |n chains of metal granules plasmonic modes
can exist in broad ranges of metal permittivity
values — zones.

e The width of each zone is of the order of
permittivity value inside the zone.

* Plasmonic resonance can lead to strong
reflection of electromagnetic wave from the
chain of granules compared to the metal
plate.



Reflection coefficient.
Numerical results.
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Silver granules. First peak: A =570nm, ¢&'=-12; &"=0.5



