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Femtosecond laser filamentation starts when Kerr-induced self-focusing overcomes beam diffraction. 
When a threshold power is  reached,  the transverse intensity profile of  the laser beam contracts.  What  
eventually stops the collapse of the beam profile is defocusing due to a mechanism such as for example  
production of plasma via multi-photon ionization, multi-photon excitation of conduction-band electrons, or  
defocusing due to negative higher-order optical  nonlinearities.   The balance between self-focusing and 
defocusing processes results in formation of a filament whose size is determined by the parameters of the 
medium.  Femtosecond laser filaments have been shown to propagate over distances orders of magnitude 
longer than the Rayleigh range corresponding to their transverse dimensions.

Control of propagating laser filaments is an important goal.  In my talk I will review the latest ideas  
and the most recent experimental results that pave the way toward this goal.  One of the better-understood 
filament-control techniques in the arsenal of present-day researchers is the control of the distance from the 
pump laser source to the filamentation region by a negative pre-chirp of the femtosecond laser pulse.  Not 
only a single filament can be controlled this way, but a whole sequence of many filaments can be produced 
along  one  line  using  a  “backward”  sequence  of  pulses  with  varying  pre-chirp  such  as  to  excite  air  
molecules and thereby provide transient laser gain swept at a speed of light in the backward direction,  
toward the pump laser source.

A somewhat less-known idea is that filament cross-coupling is a potential method for controlling the 
direction and/or energy content of a propagating filament, and for extending the filament length.  Energy  
transfer from one filament to another has recently been demonstrated in several experiments involving  
optical filaments in air; it has been shown that the direction of this energy flow depends on the relative laser 
pulse delay.  In our work we have studied filament-coupling behavior in transparent bulk media.  We have 
found a previously undocumented fine time-scale oscillation in the two-beam energy exchange which is 
apparently governed by the relative phase of the filament-forming pulses and has a time-delay period equal 
to that of the incident radiation (2.6 fs).  We observe substantial fraction of laser energy transferred from 
one filament to the other, which can be useful in for example extending the length of filament propagation.

In  a  separate  experiment,  we  have  demonstrated  a  scheme  which  allows  sub-diffraction-limited 
imaging of remote objects by using femtosecond laser filaments.  In our sestup, the pump laser beam was  
limited by a 2 mm aperture and the distance from the aperture to the target  was ~5 m, such that  the  
diffracion-limited spot  size at the target was 2 mm.  Nevertheless, by utilizing laser filamentation and 
scanning the filament over the target  (and measuring the back-scattered light),  we were able to obtain  
images with ~0.1 mm resolution.

* A large number of people have contributed to this work; some have lead the experiments, many have 

participated and helped, others contributed with ideas, advice, guidance, and through many discussions; I 
am grateful to everyone: Ben Strycker, Kai Wang, Matt Springer, Cynthia Trendafilova, Xia Hua, Wenlong 
Yang, Miaochan Zhi, George Kattawar, Phil Hemmer, Alexandre Kolomenskii, James Strohaber, Hartmut 
Schroeder, Hans Schuessler, Pankaj K. Jha, Dmitri Voronine, Aleksey Zheltikov, and Marlan Scully.
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