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Abstract —The transverse dynamics of a multimode CO, laser with SFy as an intracavity saturable
absorber is experimentally studied. Generalized multistability, periodic alternance and passive
Q-switching involving several laser transverse modes have been observed. The dynamics is more
particularly studied in the simplest case of the bimode laser where antiphase and in-phase
self-oscillations are obtained. In the highly multimode case, experimental conditions are found in
which the absorber acts as a mode filter that reduces complex transverse patterns to almost pure
Hermite—Gauss modes.

INTRODUCTION

In the past few decades, the laser with saturable absorber (LSA) has received much
interest in relation to its strong potential applications in laser physics. This system, even in
its monomode regime, exhibits a large variety of behaviours and shows, for example,
spontaneous instabilities referred to as passive Q-switching (PQS). These instabilities have
been understood in relation to the existence of a homoclinic orbit in the phase space, and
Shilnikov chaos has been clearly evidenced both theoretically and experimentally [1-3].
Depending on the experimental conditions, bistability has also been found between the
stationary on and off states as well as between different PQS regimes [4].

All these studies dealt with singlemode LSAs and very few works considered the
multimode operation of this system [5]. As long ago as 1968, Chebotayev and coworkers
[6] observed that the LSA could display ‘spectral hysteresis’ together with the more
common power hysteresis. They also pointed out the ability of the LSA to filter weak
longitudinal modes. The use of an intracavity saturable absorber was also proposed to filter
out weak transverse modes appearing in the far-off axis region of a laser beam.

More recently, transversally multimode regimes of lasers and optical oscillators have
been reinvestigated experimentally in the framework of the development of nonlinear
dynamics in the field of laser physics [7-13]. As a first step, the investigations on
multimode laser dynamics adopted a global approach in which the spatial dependence was
not explicitly introduced [14]. Later, the theory included all the cavity modes and Lugiato
et al. studied the interaction between the modes belonging to the same frequency-degener-
ate family. They predicted spontaneous symmetry-breaking, a phenomenon which was
observed experimentally on the TEMy; and TEM,, modes of the Na, laser by Tamm and
Weiss [9]. Using a CO, laser cavity with an intracavity telescope, Tredicce et al. showed
that the transverse mode spacing plays a crucial role in the nonlinear interaction of
transverse cavity modes [13]. In particular they found that cooperative frequency-locking
occurs only when the modes have nearly degenerate frequencies, a result that reproduced
the early predictions and observations of Rosanov er al. on He-Ne lasers [15]. Interaction
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