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1D Localization
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Transmission
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Multilayered random stack
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Metamaterials
Left -handed materials Veselago 1968

ew) <0, plw) <0 = k- (ExH)<O0
E x H k v v -

+1F :
——=c<0 .

Figure 1. Metamaterials can be designed to create negative
refraction. (a) In this example of a metamaterial used in
microwave experiments, unit cells consist of a split-ring

resonator and a wire spanning the cell, just visible on the
reverse of the supporting sheets. (b) Schematic variation of
¢ (green) and u (blue) with frequency. The shaded green
and blue bands denote negative regions for £ and p, re-
spectively. (c) The transmitted power spectra'® for a meta-
material of cut wires (green), a metamaterial of split ring
resonators (blue), and a metamaterial combining wires and
split-ring resonators (red). The yellow band, corresponding
to the red curve’s transmission window, indicates the region
of negative refractive index.
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Expectations

Anderson localization originates with interference of multiply scattered
waves. In the case of comparatively long waves (where wave length is of
order or larger than the layer thickness), the opposite signs of the phase
velocity and group velocity in left-handed material result in well
pronounced partial or complete cancellation of the phase accumulation in
multilayered mixed stacks containing both normal and left-handed layers.
This cancellation suppresses the interference and the localization itself and

increases the stack length needed for manifestation of sharp transmission
resonances.
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Model and methods
The simplest model
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Methods T-matrix approach
ZT( L)7 ZT( L) [T — weak scattering approximation (WSA) |7“n‘ < 1
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General properties

We PRB 81, 075124 (2010
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Long wave behavior: localization-ballistic crossover
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Long wave behavior: localization-ballistic crossover
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Transmission length and Lyapunov exponent

10°F long wave region
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Transmission length and Lyapunov exponent

10°F long wave region
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Long wave anomaly Q3 =0 Q. =0.25
We PRL 99, 193902 (2007); PRB 81, 075124 (2010)
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Long wave anomaly (g =0

We PRL 99, 193902 (2007); PRB 81, 075124 (2010)
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Q. = 0.25
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Q. = 0.25, N = 10°
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dispersive model

normal layer

Jmp = 10.95 GHz
fer = 12.8 GHz
v = 10MHz

10.3 GHz < f < 10.95 GHz
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en(f) = —€"(f)

fr, = 10.05 GHz

fe = 10.3 GHz
F . -5 i

R.A. Shelby, D.R. Smith, and S. Shultz, Science 292,77 (2001)

Qg =0 d = 0.003 m
left handed layer
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We PRB 85, 045122 (2012)
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l7(IN) versus free space wavelength \g
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3 8
analytical treatment of the A~ anomaly
E. Torres-Herrera, F. Israilev, N. Makarov, EL 98, 27003 (2012)
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Q? accuracy
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Conclusions

Left-handed layers suppress localization of electromagnetic
waves in multilayered stack. In special case of the layers with
the same thickness and random only dielectric constant,
such a suppression leads to an anomalously enhanced
transmission in the long-wave region.

At the long wave localization region, the localization length
of a mixed alternating stack determined by reciprocal
Lyapunov exponent differs from that determined by
transmission decrement.
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Thank you for attention!
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