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Contexte scientifique général, caractère innovant, impact global du sujet, collaboration avec 
d’autres laboratoires, sujet « chaud » et/ou émerge nt : 

Laser filaments are self-sustained light structures of 0.1 to 1 mm in diameter, spanning over distances up to 
hundreds of meters in length, and producing a low density plasma (1015-1017 cm-3) all along their propagation [1-3]. 
They stem from the dynamic balance between Kerr self-focusing and defocusing by the self-generated plasma and/or 
non-linear polarization saturation. While non-linearly propagating in air, these filamentary structures produce a 
coherent supercontinuum (from 230 nm to 4 µm, for a 800 nm laser wavelength) by self-phase modulation (SPM). 
The unique self-guiding characteristic of filaments has been advantageously exploited in numerous remote 
applications, in which the transport of high energies is of prime importance, such as nonlinear spectroscopy, remote 
sensing, water droplet condensation and lightning protection, to cite a few [5-7].  

So far, almost all studies dealing with filamentation have been performed with 800nm laser pulses, mainly 
because almost all lasers able to supply enough power to trigger the filamentation process emit close to this 
wavelength.  In fact, the question of the best wavelength to use to trigger filamentation in a given media for a given 
applications is an issue that is rarely (or never) raised and remains largely open.  

Very recently, our group has discovered that the filamentation process can be enhanced for a particular choice of 
the laser wavelength [8]. More particularly, we showed that a filament produced in krypton whose central 
wavelength is tuned to such a multi-photon resonance owns very special characteristics as compared to off-resonant 
filaments (see Fig. 1). More particularly, resonant filaments were ten times longer than the off-resonant ones with a 
ten times lower plasma density. This first observation of the strong impact of multiphoton resonances on the 
filamentation process opens very promising perspectives for optimizing target applications based on filamentation.  

 

 
 

 
 

Figure 1. Picture of an off-resonant (up) and a resonant (bottom) filament generated in krypton at 305 nm 
and 301 nm, respectively. 

 
Objectif du projet : 

Since the numerous filament-based applications takes place in air, it is now of prime importance to extend the 
study to gases of atmospheric interest (nitrogen, oxygen and argon). The potentiality of resonantly-enhanced 
filaments in such gases could potentially break through intrinsic limitations coming from a not well-suited choice of 
the central wavelength for the desired applications. 

 
Travail proposé : 

The first task will be devoted to the experimental demonstration of the existence of resonantly-enhanced 
filamentation in argon, nitrogen and molecular oxygen. Since the wavelength ranges in which such a process can take 
place have been already identified (mainly lying in the UV), the first task aims at confirming the existence and then 
studying this new kind of filamentation regime. Accordingly, filaments will be generated in a long gas cell containing 
the gas to be studied and then analyzed (length, spectral broadening, plasma density, conductivity, temporal shape 
after propagation, dissociation yield in case of molecules). This careful analysis will be conducted as a function of 
the central wavelength of the ultrashort and ultra-intense laser but also as a function of the pressure of the gas. 



Indeed, such a pressure study is of prime importance in light of potential atmospheric applications, in which the 
pressure can drastically change as a function of the altitude. 

Afterwards, the second task will be devoted to the study of the resonantly-enhanced filamentation process in 
“real” atmospheric conditions, i.e., in air. A particular attention will be paid to the impact of the central wavelength 
of the filament on two different phenomena, which are at the root of already existing atmospheric applications, 
namely high-voltage discharges and water droplet condensation.  

 

Connaissances requises :  

This subject mainly concerns the students having successfully passed the local Master formation in Physics, or any 

equivalent formation.   

Contacts : 
Pierre Béjot, pierre.bejot@u-bourgogne.fr, tél. 03 80 39 61 98. 
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