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I. Statement of the Problem Studied 

The central theme of this work has been the use of electromagnetically 

induced transparency (EIT) for new types of nonlinear interactions and 

processes. We have emphasized work in two areas: (1) the generation of 

femtosecond pulses by phased and anti-phased molecular states, and (2) the 

demonstration of elementary nonlinear processes at low-light-levels. The work 

in both of these areas substantially extends the capabilities of optical scientists 

and engineers. Though we always think of opdcal fields as basically sinusoidal, 

they might, for example, soon be nearly triangular. Such waveforms may allow 

new types of optical-material interaction. The work on low-light-level nonlinear 

optics is ultimately aimed at the interaction of localized single photons. Though 

there is a long way to go here, electromagnetically induced transparency offers 

one of the most promising avenues. 



II. Summary of Most Important Results 

The last several years have been very productive. Highlights of our work during this period include: 

(1) The development of a new light source, which was used to produce femtosecond-time-scale 
pulses with over an octave of optical bandwidth. These pulses were in turn used to 
demonstrate phase control of multi-photon ionization under conditions where ionization 
requires 11 photons of the lowest frequency of the spectra, or, five photons of the highest 
frequency. 
A. V. Sokolov, D. R. Walker, D. D. Yavuz, G. Y. Yin, and S. E. Harris, "Femtosecond Light 
Source for Phase Controlled Multiphoton Ionization," 
Phys. Rev. Lett. 87, 033402/1-033402/4 (July 2001). 

(2) We have invented a new technique for achieving a multiplicative increase in the total number 
of generated sidebands for a Raman process. When phase-corrected, these sidebands 
synthesize to a train of randomly times single-cycle pulses. 
S. E. Harris, D. R. Walker, and D. D. Yavuz, "Raman Technique for Single-Cycle Pulses," 
Phys. Rev. A 65, 021801-1/021801-4 (January 2002). 

(3) We have experimentally shown the use of rotational Raman generation with near-unity 
conversion efficiency. The spectrum consists of 37 coherent sidebands covering over 20,000 
cm' of spectral bandwidth and ranging from 1.37|xm to 352 nm in wavelength. 
D. D. Yavuz, D. R. Walker, G. Y. Yin, and S. E. Harris, "Rotational Raman Generation With 
Near Unity Conversion Efficiency," Opt. Lett. 27, 769-771 (May 2002). 

(4) A new type of focusing phenomena has been experimentally demonstrated in our lab. In this 
regime the two-photon detuning from the Raman resonance controls the refractive index of 
the medium. 
D. R. Walker, D. D. Yavuz, M. Y. Shverdin, G. Y. Yin, A. V. Sokolov, and 
S. E. Harris, "Raman Self-Focusing at Maximum Coherence," Opt. Lett. 27, 2094-2096 
(December 2002). 

(5) We have reported the experimental demonstration of a Raman technique that produces 200 
sidebands, ranging in wavelength from Spun to 195 nm. This work showed mutual phase 
coherence among 15 visible sidebands covering 0.63 octaves of bandwidth. 
D. D. Yavuz, D. R. Walker, M. Y. Shverdin, G. Y. Yin, and S. E. Harris, 
"Quasi-Periodic Raman Technique for Ultrashort Pulse Generation," 
Phys. Rev. Lett. 91, 233602/1-233602/4 (December 2003). 

(6) We have demonstrated an efficient nonlinear optical process at an energy level at about 23 
photons per square wavelength. This occurs in a rather unique system, which absorbs two 
photons, but which will not absorb a single photon. 
D. A. Braje, V. Balic, G. Y. Yin, and S. E. Harris, "Low-Light-Level Nonlinear Optics with 
Slow Light," Phys. Rev. A 68, 041801/1-041801/4 (October 2003). 
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