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Propagation of waves in a composite of overdense plasma and metamaterial
studied by numerical simulations
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1. Background

Regulation of wave propagation by using plasmas has been studied (e.g. plasma photonic crystals [1] and
plasma antennas [2]) since plasmas have controllable permittivity ¢ and ability of quick switching by
regulating external discharge current. Plasmas can only tune ¢ though refractive index N is determined by
both ¢ and permeability x. Our group has combined a overdense plasma with double-split-ring resonators
(DSRRs, one of negative-u metamaterials) experimentally [3] to realize a negative N state which improves
controllability of waves; however, the propagation of waves has never been clarified. We performed
electromagnetic particle simulations and FDTD simulations in cases with plasmas and metamaterials [4],
and we show the extraordinary propagation of waves in this report.

2. Simulation model and method
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one-dimensional simulation model [4] The sinusoidal external Figure 1: One-dimensional simulation model. Plasma and

metamaterial exist in 0 <x < 12.8.

current along z axis (x = -12.8) radiates the TEM wave. We set
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3. SImUIatlon rESU|tS Figure 2: Time development of transverse electric field E, in
; . R cases of (a) free space and (b) a plasma-metamaterial

Figure 2 shows propagation of waves in (a) free Space and (b) the composite. Slopes of dotted and solid arrows are velocities of

energy and phase, respectively.

composite of the overdense plasma and the negative-u¢ metamaterial

[4]. In comparison with Fig. 2(a), Fig. 2(b) shows opposite directional equiphase lines in 0 < x < 12.8. The
composite works as a negative N material because the direction of the electromagnetic energy flow (dotted
arrow) is opposite to that of the phase velocity of waves (solid arrow) in Fig. 2(b). We have the plan to
report results of two-dimensional FDTD simulations of the composite.

Reference [1] B. Wang and M. A. Cappelli, Appl. Phys. Lett., 108, 161101 (2016). [2] G G Borg, J. H. Harris, D. G Miljak, and N. M.
Martin, Appl. Phys. Lett., 74, 3272 (1999). [3] A. Iwai, Y. Nakamura, and O. Sakai, Phys. Rev. E, 92, 19 (2015). [4] A. Iwai, O. Sakai, and Y.
Omura, Phys. Plasmas, 24, 122112 (2017). [5] Y. Omura, One-dimensional Electromagnetic Particle Code KEMPOL1: A Tutorial on

Microphysics in Space Plasmas, Advanced Methods for Space Simulations, edited by H. Usui and Y. Omura, (TERAPUB, Tokyo, 2007).

© 2018%F [CRAYEER 07-043 8.6



