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I. jTVTRnTmcmos 

Our work is now centered in two major areas. The first is that of 

electromagnetically induced transparency and lasers without inversion. 

During this previous year we have been in a building phase. On both 

sides of our program, new laser systems with unique specifications have been 

developed. This work is almost complete. On the transparency side of the 

program we now have running temporally synchronized Ti:Sapphire lasers 

with a frequency stability of about 5 MHz. On the short wavelength side of 

the program we have what may be the highest peak power system operating 

anywhere. This system was built under Professor Barty's direction and has a 

peak power in excess of 1012 W with a pulse length of under 30 fs. 

We are now poised for two key experiments. Brian Lemoff will soon 

attempt to produce lasers which operate in the 30-50 nm spectral region. 

(I view the odds on this experiment as about 50-50. There are many 

uncertainties.) Trey Gordon will attempt to show an exposure reduction of a 

factor of seven by using time-gated x-rays. Athos Kasapi and Maneesh Jain 

will attempt a variety of new types of transparency and nonlinear optical 

experiments. 

In Section II of this report we summarize the contributions made 

during the overall contract period. In Section III we list publications which 

acknowledge this contract.  Appendix A gives the abstracts of each of these 

publications. 

Before proceeding we note that the work described here has been, and 

will continue to be, jointly supported by other agencies; primarily the Office of 

Naval Research, the Army Research Office, and the Strategic Defense 
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II.  STTMMARY OF ACCOMPT JPHMENTS 

(1) A particularly exciting development during this contract period was 

the first demonstration of the use of femtosecond time scale lasers to 

create incoherent x-rays which extend beyond 1 MeV. We have found 

an energy conversion efficiency from laser energy to x-ray energy above 

20 keV of about 0.3%. 

(2) We have completed and published studies of the 96.9 nm laser in 

neutral Cs. This was the first laser to operate with its upper level 

above the continuum. 

(3) We have completed an effort to generate very high-order harmonics 

using the ultra-high-power femotosecond system which was also used 

to produce the incoherent x-rays. As an outgrowth of this work we 

have noted the possibility that these high-order harmonics, to the 

extent that they are appropriately phased, will produce temporal 

structure under radiation on the order of 5 x 10 "17 sec. 

(4) We have made several improvements and developments toward the 

realization of a new Ti:Sapphire based femtosecond laser system. A 

new oscillator has been constructed which produces 804 nm pulses 

with durations as short as 20 fs and with peak powers as high as 

500 kW. At the time of construction, these results represented the 

shortest duration pulses ever generated directly from a laser oscillator. 

Modeling of the dispersive intracavity components allows minimization 

of higher-order intracavity phase distortion. A high-modulation-depth, 



acousto-optic • modulator allows intracavity power, self-phase 

modulation, and pulse bandwidth to be maximized without concurrent 

cw operation. Ray tracing of the laser resonator also reveals that cubic 

phase distortion can be eliminated in a laser resonator by the correct 

choice of prism material and operating wavelength. This suggests the 

possibility of the construction of significantly shorter duration laser 

oscillators. 

(5) We have first results which show the highly-dispersive properties of 

electromagnetically induced transparency. Tentatively, we observe a 

group velocity reduction, as compared to the speed of light, of greater 

than a factor of 100. 

(6) We have proposed a technique for using an intense femtosecond laser 

to directly excite XUV lasers. Tunneling ionization by circularly- 

polarized radiation produces both the ions and hot electrons which are 

necessary to excite the upper laser level. The systems should work in 

the 30-50 nm spectral region. 

(7) During this year we have reported the first demonstration of 

electromagnetically induced phasematching in collisionally broadened 

Pb vapor. At a critical intensity at which the Rabi frequency of a 

dressing 1064 nm laser overcomes the Doppler broadening of the 

vapor, the generated four-frequency mixing signal at 283 nm increased 

in a step-like manner by a factor of 59. 
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