Fakultt fiir Mathematik und Physik
Albert-Ludwigs-Universitdt Freiburg

Physikalisches Institut 4:1

Quantum Efficiency
Seminar und Colloquium

GIORGOS P. TSIRONIS

Department of Physics, University of Crete and
Institute of Electronic Structure and Laser, FORTH
Greece

Nonlinear modes in PT-symmetric metamaterials

Synthetic systems with matched gain and loss may form parity-time (PT)-symmetric metamaterials de-
scribed through non-hermitian Hamiltonians and showing a phase transition in between an exact and a
broken phase as a function of the gain/loss power [1]. The PT-symmetry breaking has been experimentally
observed in optical lattices [2]. We introduce a PT-symmetric metamaterial consisted of split-ring resona-
tor (SRR) dimers, one with loss and the other with equal amount of gain, coupled magnetically while non-
linearity and gain are introduced through tunnel Esaki diodes. Within the framework of the equivalent circuit
model [3], extended for the PT- dimer chain, we investigate the dynamics of charge accumulated in the n-
th SRR governed by a coupled set on nonlinear ODE’s.

In the absense of nonlinearity, for fixed inter-SRR coupling the propagation bandwidths as a function of the
gain/loss parameter show the onset of the PT-phase transition and a resulting band maodification. The
presence of nonlinearity may induce intrinsic localized modes in the form of discrete breathers with the
largest part of the total energy concentrated into two neighboring sites belonging to the same gain/loss di-
mer [3]. The PT- symmetric nonlinear metamaterial may be used for dynamic tuning in the range of the
modified band and switching to the broken phase.

References

[1] R. El-Ganainy et al., Opt. Lett. 32, 2632 (2007); K. G. Makris, et al, Phys. Rev. Lett. 100, 103904 (2008).

[2] A. Guo et al., Phys. Rev. Lett. 103, 093902 (2009); C. E. Riter et al., Nature Physics 6, 192 (2010); A. Szameit, et
al., Phys. Rev. A 84, 021806(R) (2011).

[3] N. Lazarides, M. Eleftheriou, and G. P. Tsironis, Phys. Rev. Lett. 97, 157406 (2006);
N. Lazarides, and G. P. Tsironis, Phys. Rev. Lett. 110, 053901 (2013).

Date: Tuesday, April 30th, 2013 14:15
Location: Lecture Hall 1, Hermann-Herder-Str. 3, Freiburg
Contact: Andreas Buchleitner, Institute of Physics, Quantum Optics and Statistics

T +49 761 203 5821 F +49 761 203 5967 E buchleitner office@physik.uni-freiburg.de
www.physik.uni-freiburg.de



mailto:buchleitner_office@physik.uni-freiburg.de
http://www.physik.uni-freiburg.de/

