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Abstract

New types of patterns in the transverse profile of an optical beam circulating in a optical system with two nonlinear Kerr
slices are reported. Quasicrystalline patterns that may exhibit oscillations on a slow time scale appear as a result of resonant
interaction between Turing (stationary) and wave modes. Amplitude equation describing the dynamics of the amplitudes of
the excited modes are derived and analyzed. © 1998 Elsevier Science B.V.
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1. Introduction

Nonlinear dynamics of coherent light in a media with
cubic nonlinearities is extremely diverse. Nonlinear wave
interactions produce a variety of dynamical effects like
optical multistability [1], chaotic dynamics [2], generation
of optical solitons, etc. Spatial effects include spatial am-
plitude-to-phase conversion, self-focusing and self-de-
focusing. Another interesting feature is spontaneous pat-
tern formation in the plane transverse to the direction of
the light propagation. Optical patterns may be used in the
future as data carriers for information processing, provided
ways to generate versatile and well controllable patterns
are found.

Basic mechanisms of pattern formation are identified
through studies of simplified models and corresponding
experimental settings. The simplest configuration includes
a thin slice of a Kerr-type nonlinear medium coupled to a
single feedback mirror. Static (Turing) and dynamic (wave)
transverse instabilities in this system have been studied
both experimentally [3] and theoretically [4,5]. Static sym-
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metry-breaking instabilities in this simple system always
lead to the formation of a stable hexagonal pattern, whereas
wave instabilities are strongly damped in slow nonlinear
media. The possibility of the wave modes generation was
shown in [6] for a single Kerr-slice model.

A variety of transverse patterns, including rolis,
hexagons, rotating spirals, and various multipetal struc-
tures were observed in experiments with a rotation of the
image beam [12-15]. Both periodic and quasicrystalline
structures were generated by rotating the image by an
angle commensurate with 7. Any such structure corre-
sponds to a family of N plane waves with the same
wavenumber equispaced in Fourier space. Still more com-
plicated dynamic patterns can be formed by simultaneous
excitation of phase-locked Turing and wave modes [15,7].
Selection of quasicrystalline patterns in a feedback cavity
has been recently demonstrated analytically and numeri-
cally by Leduc et al. [8]. Logvin et al. [9] noticed a
possibility of resonance between Turing and wave mode.
This resonance has been also detected in Marangoni con-
vection [10].

Another way to enhance the complexity of transverse
patterns is to extend the basic single slice system by
adding a second Kerr slice and a beam splitter [11).
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