
Laser dynamics 

This research activity aims at understanding different aspects of laser dynamics, with a 
special focus on two-frequency lasers. We are interested in reducing the phase and intensity noise of 
solid-state or semiconductor lasers, in order to develop low-noise laser oscillators. We also study the 
spatial properties of laser fields, and the vectorial properties of the intracavity modes. All these 
activities have both a fundamental interest, and the potential for practical applications. For instance, 
our studies on synchronization and on laser noise are important for the implementation of ultrastable 
oscillators. Low intensity noise sources are mandatory in the future microwave-photonics systems, but 
also in cold atoms experiments and in coherent optics. The themes developed in this research domain 
have several connections other studies of the team in Microwave photonics and TeraHertz and 

metrology. 

 

http://foton.cnrs.fr/v2016/IMG/pdf/lasers_dynamics_low_noise_sources.pdf 

http://foton.cnrs.fr/v2016/IMG/pdf/lasers_dynamics_synchro.pdf 

Transverse effects 

The excitation of high-order transverse modes in laser cavities has been studied for a long 
time, since some modes have very interesting characteristics. For instance, Laguerre-Gauss modes 
carry orbital angular momentum, Bessel beams have a very low divergence, and so on. It has been 
suggested that it is possible to selectively excite these modes in an optically-pumped plano-concave 
resonator, by a proper positioning of the pump focal spot in the transverse plane. Our work has shown 
that the excitation of high-order modes having circular or elliptical nodal lines is possible only in 
presence of a partial degeneracy of the cavity. In this case, a superposition of modes of different order 
is generally obtained, resulting in a transverse profile that is not shape-invariant when the beam 
propagates [Bar14]. The effects of partial degeneracy result also in the emission of so-called 
“geometric modes”, whose properties can be understood, to a certain extent, using ray optics [Bar17]. 

 

 

Fig. 6: (a) Experimental and simulated stationary intensity transverse profiles (NF: near field, FF: far field) of a 
Nd:YAG plano-concave laser, close to a cavity degeneracy [Bar14]. (b) Experimental and simulated stationary 
intensity transverse profiles of a geometric mode [Bar17]. 
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