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IV) Scientific Progress and Accomplishments 
During this funding period, we have achieved significant results in two main areas: 

1) Filamentation with high-power femtosecond laser pulses 
2) Coherent nonlinear interactions with atoms and molecules in photonic band-gap fibers. 

1) Filamentation of high-power femtsecond laser pulses 

We investigated a highly robust scheme for the pulse compression of femtosecond pulses 
in gases in which the optimal compression consists of a distinct sequential two plasma-filament 
structure. By matching experimental trends between linear and circular polarizations propagating 
through argon, krypton, and xenon with numerical simulations of the complex spatiotemporal 
dynamics, we gather new insight into effects of how generated plasma interacts with the 
propagating pulse field. More specifically, we describe the role of balancing plasma inverse 
bremsstrahlung scattering with multi photon ionization rates for pulse compression schemes. In 
addition, we have studied the collapse dynamics of several spatially separated in-phase Gaussian 
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beams in bulk Kerr media, where each beam has a power P which is slightly above Pa the 
critical power for collapse. We find that complex fusion or annihilation behavior can occur 
depending on the initial configuration of the beams. Our results shed light on the basic 
interaction between self focused beams and may provide a mechanism to control the collapse 
dynamics of such beams. 

2) Coherent Interactions with Rb Atoms in photonic band-gap fibers 

We have continued our experiments on nonlinear interactions with gases in hollow-core 
photonic band-gap fibers. We fabricated a high-transmission, variable-pressure gas fiber cell that 
can operate at low and high pressures, which is formed by using femtosecond pulses to drill 
micrometer-diameter radial capillaries through a hollow-core photonic band-gap fiber. In 

addition, we have had success in generating appreciable densities of Rb atoms within the fiber 
core. We show that by using desorption pulses of the suitable power and duration, we can 
generate on-demand and highly controlled optical densities of Rb vapor inside the core. Our 
technique allows for repeated experiments under near-identical experimental conditions over 
relatively short time scales which greatly enhances our ability to obtain data. We have also used 
this technique to perform time-resolved study of the rich physics of atomic desorption inside 

these coated fibers. 
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