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I. INTRODUCTION 

Over the last three years our work has centered in the areas of 

electromagnetically induced transparency and applications and the 

development of short wavelength lasers and radiation sources. 

Our work on electromagnetically induced transparency is an outgrowth 

of earlier work on lasing without population inversion. The basic idea is to 

create a situation where atoms which are in the ground state do not interact 

with an electromagnetic field of a particular frequency. These atoms are 

essentially tabled and contribute to neither the absorption coefficient or to 

the refractive index of the medium. 

Our work on short wavelength lasers has employed a new concept: the 

use of tunneling ionization to both create the target species and, at the same 

time, to create the hot electrons which will excite this species. As noted in 

the initial proposal for this contract, work on this project was a long shot. In 

the last several months we have been successful and have constructed a laser 

at about 30 eV with a gain of about exp (11). 

This has been an unusually productive period for our research group. 

Not only have we demonstrated, for the first time, this new laser concept and 

new laser at 44 nm, but have also shown, in recent weeks, that 

electromagnetically induced transparency may operate under conditions 

where both lasers have comparable intensity. We now are certain that we 

may put strong laser beams through otherwise absorbing media. We have 

also shown that the spatial properties of these beams are well preserved and, 

in fact, have shown that a diffraction-limited image could be formed at the 

output of a medium which would otherwise have an absorption of exp (-6000). 



Section II of this report will summarize the contributions which were 

made during the overall contract period, Section II lists publications which 

acknowledge this contract, and Appendix A gives the abstract for 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 Army Research Office, the Office of Naval Research, and, to 

some extent, the Strategic Defense Initiative Organization. 



II. SUMMARY OF ACCOMPLISHMENTS 

(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'^ 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) The essence of lasers which operate without population 

inversion is the phenomena of electromagnetically induced transparency. 

This is a technique for making a media transparent with most of the atoms 

remaining in the ground state. Two publications demonstrated that this 

technique could work well and easily. In the first, an opacity of about 

exp (-20) in Sr vapor was changed to exp (-1). In a follow-up experiment, we 

were able to show that the same type of transparency could be obtained in a 

collisionally-broadened, rather than a lifetime-broadened, media. 

(6) The concept of electromagnetically induced transparency with 

matched pulses was introduced. Prior to this work, it was realized that 

matched pulses would drive atoms into a population-trapped state. Here, it 

was shown that the atoms, in turn, would drive the electromagnetic field so 

as to produce matching pulses. It was also shown that the front edge of a 

pair of matched pulses would prepare the media, allowing lossless 

propagation thereafter. 

(7) We have completed the construction of a first-of-its-kind 

ultrashort pulse laser system. The system is capable of producing 135-mJ, 

35-fs, 800-nm pulses with near diffraction-limited beam quality. 

(8) We have studied the dynamics of electromagnetically induced 

transparency and have observed, for the first time, group velocities as slow as 

c/160. We also have a tentative observation of the recently predicted 

adiabatons. 



(9) As noted earlier, we have constructed a new type of short 

wavelength laser. The laser is based by tunneling ionization and electron 

excitation and lases at 44 nm. 
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VOLUME 68, NUMBER 10 PHYSICAL  REVIEW  LETTERS 9 MARCH 1992 

MeV X-Ray Generation with a Femtosecond Laser 

J. D. Kmetec, C. L. Gordon, III, J. J. Macklin, B. E. Lemoff, G. S. Brown,(a) and S. E. Harris 
E. L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

(Received 17 December 1991) 

A 0.5-TW, 120-fs Tfcsapphire laser, when focused to greater than 1018 W/cm2 onto a solid target, 
creates a plasma which emits radiation that extends beyond 1 MeV. The x-ray yield increases as the j 
power of the incident laser energy, reaching 0.3% energy conversion to radiation above 20 keV at 40 mJ 
of laser energy on target. An x-ray spectral distribution of ME fits the data for most of the radiation, 
falling faster at higher photon energies. 

PACS numbers: 52.25.Nr, 42.65.Re, 52.50.Jm 
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RAPID COMMUNICATIONS 

PHYSICAL REVIEW A VOLUME 46, NUMBER 1 1 JULY 1992 

Dispersive properties of electromagnetically induced transparency 

S. E. Harris, J. E. Field, and A. Kasapi 
Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

(Received 20 January 1992) 

An atomic transition that has been made transparent by applying an additional electromagnetic field 
exhibits a rapidly varying refractive index with zero group velocity dispersion at line center. A 10- 
cm-long Pb vapor cell at an atom density of 7xl015 atoms/cm3 and probed on its 283-nm resonance 
transition has a calculated optical delay of 83 ns KC/VG)"~250]. 

PACS number(s):  42.50.Hz, 32.70.-n, 42.25.Bs, 42.65.An 
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PHYSICAL REVIEW A VOLUME 46, NUMBER 7 1 OCTOBER 1992 

Studies of a 96.9-nm laser in neutral cesium 

C. P. J. Barty, G. Y. Yin, J. E. Field, D. A. King, K. H. Hahn, J. F. Young, and S. E. Harris 
Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

(Received 4 May 1992) 

Investigations of a 96.9-nm laser in neutral cesium are described. Theoretical and experimental evi- 
dence is presented for the laser level designation and pumping mechanism. Measurements of the laser 
output are given, including saturated pulse energy, temporal profile, spatial profile, transition wave- 
length, gain cross section, and the variation of small signal gain with operating parameters. Compar- 
isons of the temporal and spatial behavior of the 96.9-nm laser emission with respect to resonance line 
emission from ionic Cs are also presented. 

PACS number(s): 42.55.Vc, 32.80.Dz, 42.55.Lt, 42.65.Re 
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2382 IEEE JOURNAL OF QUANTUM ELECTRONICS. VOL. 28. NO.  10. OCTOBER 1992 

Ultrafast Laser Generation of Hard X-Rays 
J. D. Kmetec 

Invited Paper 

Abstract—We have demonstrated, efficient generation of 
X-rays above 20 keV when the tight focus of a 60 mj, 120 fs 
laser is incident on a solid. We estimate 0.3% of the laser en- 
ergy is converted to X-rays betweeu 20 and 1000 keV when the 
target is solid tantalum. At least 10* photons above 1 MeV are 
generated with each shot. The X-ray yield is proportional to 
the Z of the target, and scales as the 3/2 power of the incident 
laser energy. 
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a reprint from Optics Letters 1367 

Generation of high-peak-power 20-fs pulses from a 
regeneratively initiated, self-mode-locked Ti:sapphire laser 

B. E. Lemoff and C. P. J. Barty 

Edward L: Ginzton Laboraton: Stanford University. Stanford, California 94305 

Received June 15, 1992 

We report the generation and measurement of 804-nm pulses with durations as short as 20 fs and with 
peak powers as high as 500 kW from a regeneratively initiated, self-mode-locked Ti:sapphire laser. Pulse 
duration is shown to decrease, and spectral content to increase, as intracavity power is increased. Control 
of intracavity focusing and a high-modulation-depth, acousto-optic modulator allow the intracavity power to 
be maximized. Cavity cubic phase error is minimized by correct design and placement of a group-velocity- 
dispersion-compensating prism pair. 
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35 

116 nm H2 Laser Pumped by a Traveiin?-Wave Photoionization Electron 
Source 

S. J.Benenne. Guane-Yu Yin and S. E. Harris 
Edwara L. Cinzton Laboratory 

Stanford University 
Stanford. CA 94305 USA 

We discuss the use of a photoionization electron source <PES) to pump a 116 nm laser tn the 
Wemer band (C'nu->X'2,*) of molecular hydrogen. The laser is pumped iiy free electrons which 
are created by photoionizina molecular hvdroeen with soft x-rays from a traveling-wave laser 
plasma. The pumping confieurauon presented has allowed 2 Hz Operation and saturation of the 
116 nm Werner band laser. Üsine PES pumping we have measured a smail signal gam coetricieni 
of 1 6 cm-1, an improvement of more than a factor of 10 over previously reported e-beam and 
discharee pumped results. We also report results showing that the small signal gain coetficiem 
can be mcreaseo bv cooun« the laser medium, tnereby reducing the Doppier width of the laser 
transiuon We show mat even thouah the free electrons nave an average temperature ot -10 eV. 
the lasine hydrogen molecules retain an amoient temperature of < 0.02 eV. We measure an 
extrapolated small signal gain of exp(43). wiih a 1064 nm pump energy ot 580 mi in 200 psec. 
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ULTRASHORT HIGH PEAK POWER LASERS AND GENERATION OF HARD INCOHERENT X-RAYS 

C. P. J. Baity, C. L. Gordon m, J. D. Kmetec, B. E. Lemoff and S. E. Harris 

Edward L. Ginzton Laboratory 
Stanford University 

Stanford, California 94305 

Abstract 

The design, construction, and use of high peak power infrared laser pulses for the generation of diagnostic (20 keV to 
ISO keV) x-rays are discussed. A review of recent laser-plasma generation of diagnostic x-rays is presented. The advantages of 
such sources include subpicosecond pulse duration and extremely small source size. Because of their short duration, it should be 
possible to farm time-gated medical images with up to eight times less x-ray flux than with conventional x-ray sources. Details 
of a next generation laser driver are also presented. Generation of 20-fs pulses from a regeneratively initiated, self-mode-locked 
Ti:sapphire laser is described. Techniques for amplification of these pulses to peak powers of 5 TW are presented. 
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Generation, measurement, and amplification of 20-fs high-peak-power pulses from a regeneratively 
initiated self-mode-locked Ti:sapphire laser 

C. P. J. Barty, B. E. Lemoff and C. L. Gordon m 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

ABSTRACT 

We report the generation and measurement of 804 nm pulses with durations as short as 20 fs and 

with peak powers as high as 500 kW from a regeneratively initiated, self-mode-locked Tirsapphire laser. 
Pulse duration is shown to decrease, and spectral content to increase, as intracavity power is increased. 
Control of intracavity focusing and a high-modulation-depth, acousto-optic modulator allow the intracavity 
power to be maximized. Cavity cubic phase error is minimized by correct design and placement of a GDD 
compensating prism pair. Methods for accurate determination of the pulse duration without assumption of 
pulse shape are discussed. Interf erometric autocorrelation is accomplished with an interferometer which 
intrinsically balances dispersion and loss in each arm. Techniques for eliminating pulse distortions during 
amplification are also presented. 
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Design of a Quintic-Phase-Limited Amplification System for 
Production of Multi-Terawatt 20-fs, 800-nm Pulses 

B. E. Lemoff, C. LI Gordon HI, and C P. J. Barty 

Edward L Giraxon Laboratory, Stanford University, Starford, California 94305 

Abstract 

Design of a multi-terawau amplification system based 
on reflective optics and capable of supporting sub-20 fs 
pulses is presented. Tests of a quintic-phase-limited 
expansion and compression system, which is key to this 
design, are also discussed. 
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a reprint from Optics Letters 57 

Cubic-phase-free dispersion compensation in 
solid-state ultrashort-pulse lasers 

B. E. Lemoff and C. P. J. Barty 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

Received August 31, 1992 

We show that intracavity group-velocity dispersion compensation with the use of prisms composed of conven- 
tional optical materials can be accomplished while simultaneously eliminating the round-trip cavity cubic phase. 
The ability to compensate perfectly both second- and third-order dispersion exists for pulses whose central 
wavelengths lie within a range that depends on the prism and laser rod materials as well as on the prism angles. 
In the case of Tirsapphire and Cr:LiSrAlF6 lasers, Brewster prisms composed of readily available materials can 
be used to compensate for both group-velocity dispersion and cubic phase over much of the respective tuning 
ranges. 
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VOLUME 70, NUMBER 6 PHYSICAL REVIEW LETTERS 8 FEBRUARY 1993 

High-Order Harmonic Generation Using Intense Femtosecond Pulses 

J, J. Macklin, J. D. Kmetec, and C. L. Gordon III 
Edward L Ginzton Laboratory, Stanford University, Stanford, California 94305 

(Received 21 September 1992) 

Neon gas excited by 800-nm laser pulses (15 mJ, 125 fsec) at an intensity near I0'5 W/cm2 generates 
harmonics up to the 109th order. The appearance of successively higher harmonics as the laser intensity 
is increased is compared to recent calculations of the strong-field atomic response. Blueshifting of the 
laser and harmonic wavelengths indicates a small degree of ionization until the threshold for the highest 
harmonics (> 91st) is reached. 

PACS numbers: 42.S0.HA 32.80.Rm, 42.65.Ky. 42.65.Re 
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VOLUME 70, NUMBER 5 PHYSICAL REVIEW LETTERS I FEBRUARY 1993 

Electromagnetically Induced Transparency with Matched Pulses 

S. E. Harris 
Edward L. Ginzton Laboratory. Stanford University. Stanford. California 94305 

(Received 20 August 1992) 

We show that electromagnetically induced transparency in a dense media is not a Beer's law superpo- 
sition of the single atom response. When an arbitrarily shaped-pulse is applied to an ensemble of 
population-trapped atoms,-the atoms will generate a matching pulse shape on the complementary transi- 
tion and, after a characteristic distance, render themselves transparent. 

PACS numbers: 42.50.Rh, 32.80.Dz, 42.50.Hz. 42.65.Ky 
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998 a reprint from Optics Letters 

Observation of electromagnetically induced phase matching 

Maneesh Jain, G. Y. Yin, J. E. Field, and S. E. Harris 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

Received February 16, 1993 

We report the observation of electromagnetically induced phase matching 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 run increases in a steplike manner by a factor of 59. 
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PHYSICAL REVIEW A VOLUME 47, NUMBER 6 JUNE 1993 

Vacuum-Rabi-splitting-induced transparency 

J. E. Field 
Edward L. Ginzion Laboratory. Stanford University. Stanford. California 94305 

(Received 21 January 1992) 

The vacuum Rabi splitting may be observed with population-trapping techniques. The trapped popu- 
lation has a lifetime much greater than the natural lifetime of the atomic transition: as a result, vacuum 
Rabi splittings that are much smaller than the natural lifetime may be observed. A condition for lasing 
without inversion in this system without any externally injected coherent field or coherence is stated. 

PACS numbens): 42.50.Dv, 06.30.Lz. 42.50.Lc 
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Optics Communications 100 (1993) 487-490 OPTICS 
North-Holland COMMUNICATIONS 

Atomic scale temporal structure inherent to high-order harmonic 
generation 

S.E. Harris and J.J Macklin 
Edward L. Ginzlon Laboratory, Stanford University, Stanford, CA 94305, USA 

and 

T.W. Hänsch 
Max-Planck Institut fir Quantenoptik, W-8046 Garching, Germany 

Received 20 January 1993 

Using intense lasers, several laboratories have generated high-order harmonic spectra which are flat over 20 eV. If the harmonics 
are appropriately phased, this bandwidth corresponds to temporal pulses on the order of ~ 5 X10 ~'7 s, and thereby motivates a 
search for a new regime of short-pulse generation. 
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PHYSICAL REVIEW A VOLUME 48, NUMBER 3 SEPTEMBER 1993 

Spontaneous emission into an electromagnetically induced transparency 

J. E. Field and A. Imamoglu 
Edward L. Ginzton Laboratory, Stanford University, Stanford. California 94305 

(Received 22 August 1991: revised manuscript received 15 June 1992) 

We investigate spontaneous emission into an electromagnetically produced transparency of the form 
recently proposed [A. Imamoglu and S. E. Harris, Opt. Lett. 14. 1344 (1989)]. We show that the achiev- 
able radiation temperature lor brightness! at the transparency is much greater than the atomic tempera- 
ture. 

PACS number(s): 42.50.Hz. 32.80.Bx 
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a reprint from Optics Letters 1651 

Quintic-phase-limited, spatially uniform expansion and 
recompression of ultrashort optical pulses 

B. E. Lemoff and C. P. J. Barty 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

Received April 15. 1993 

Design of an expansion and recompression system for amplification of sub-20-fs optical pulses to multiterawatt 
peak powers is presented.    The system allows one to eliminate spatial inhomogeneities and cubic and quartic 
phase errors that make existing designs unsuitable for use with pulses much shorter than 100 fs.   We 
experimentally demonstrate > 10,000 times expansion and recompression of ~25-fs optical pulses. 
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invited Paper 

Multiterawatt Amplification of Ultrabroadband Optical Pulses: Breaking the 100 fs Limit 

C. P. J. Barty, B. E. Lemoff, C. L. Gordon III and P.T. Epp 

Edward L. Ginzton Laboratory, Stanford University 
Stanford, California 94305 

ABSTRACT 

A first of its kind, multiterawatt, ultrashort pulse laser system is described. The system is capable 
of producing 125-mJ, 35-fs, 800-nm puises with near diffraction limited beam quality at a 10 Hz repetition 
rate. Methods for control of phase and amplitude distortion during sub- 100-fs amplification are presented. 
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VOLUME 72, NUMBER 1 PHYSICAL REVIEW  LETTERS 3 JANUARY 1994 

Normal Modes for Electromagnetically Induced Transparency 

S. E. Harris 
Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

(Received 19 July 1993) 

We define paired variables which are the normal modes for electromagnetically induced transparency 
and use these modes to study the propagation of matched pulses in an absorbing medium. 

PACS numbers: 42.50.Rh, 32.80.Dz, 42.50.Hz, 42.65.Ky 
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a reprint from Optics Letters 569 

Femtosecond-pulse-driven, electron-excited XUV 
lasers in eight-times-ionized noble gases 

B. E. Lemoff, C. P. J. Barty, and S. E. Harris 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

Received November 22, 1993 

We propose three XUV laser schemes in the 30-50-nm wavelength region that can be driven by 10-Hz ultrashort- 
pulse terawatt laser systems.    Tunneling ionization by circularly polarized radiation produces both the ions and 
hot electrons necessary to excite the upper laser level. 
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PHYSICAL REVIEW A VOLUME 50, NUMBER 2 AUGUST 1994 

BRIEF REPORTS 

Brief Reports are accounts of completed research which do not warrant regular articles or the priority handling given to Rapid 
Communications; however, the same standards of scientific quality apply. (Addenda are included in Brief Reports.) A Brief Report may 
be no longer than 4 printed pages and must be accompanied by an abstract. The same publication schedule as for regular articles is 
followed, and page proofs are sent to authors. 

Excess noise correlation using population-trapped atoms 
Maneesh Jain 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 
(Received 24 November 1993) 

We study the behavior of two quantized fields interacting with atoms in a coherent population-trapped 
state. It has recently been shown that such a system generates fields with matched envelopes as well as 
matched photon statistics. These effects have an important consequence: the matching of any excess 
noise input at the two channels of the system. We explicitly show the generation of correlated excess 

:.•--..-.   .—.:-.  noise"by "a population-trapped atomic system and how this effect may be used to suppress the excess 
' noise and enhance the carrier-to-noise ratio of optical sources. 

. •. ■.    PACS number(s): 42.50.Gy, 42.50.Ct, 42.50.Lc, 42.65.Ky 
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ULTRASHORT PULSE TERAWATT LASERS FOR THE GENERATION OF COHERENT AND INCOHERENT 

X-RAY SOURCES 

C. P. J. Barty, C. L. Gordon III, B. E. Lemoff, P. T. Epp and S. E. Harris 

Edward L.  Ginzton  Laboratory 
Stanford    University 

Stanford,   California   94305 

Abstract 
The construction of a new class of terawatt laser systems which operate with pulse 

durations of ~30 fs is described. Planned experiments with this system to generate sub-pi- 
cosecond diagnostic x-rays and to generate coherent sources in ihe 10 nm to 100 nm range 
are   discussed. 
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Time Gated X-Ray Imaging Using an Ultrashort Pulse, 
Laser-Produced-Plasma X-Ray Source 

C. L. Gordon III, C. P. J. Barty, and S. E. Harris 
Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

Abstract. A method for x-ray exposure reduction in medical imaging is discussed. 
This method uses an ultrashort pulse, laser-produced-plasma x-ray source and a 
time gated microchannel plate detector to reduce scattered radiation at the detector. 
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Refractive Index Control with Strong Fields 

S. E. Harris 

Edward L. Ginzton Laboratory- 
Stanford University 
Stanford, CA 94305 

ABSTRACT 

We describe an EIT-like effect which allows a strong laser to control 

and reduce to unity the refractive index of a weak probe. We consider a 

lossless multi-state system with all states far from resonance. 
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Multiterawatt 30-fs Ti:sapphire Laser System 

C. P. J. Barty, C. L. Gordon III and B. E. LemofF 

Edward L. Ginzton Laboratory 
Stanford University 

Stanford, California 94305 
415-725-4942 phone     415-725-4115 fax 

Abstract 

A near-diffraction-limited and transform-limited, multiterawatt laser 

system which produces ~30-fs, 125-mJ, 800-nm pulses at a repetition rate of 

10 Hz has been constructed. Methods for the control of femtosecond time- 

scale phase and amplitude distortions have been developed and implemented. 
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Ultrashort Pulse Multiterawatt Thsapphire Laser System 

C. P. J. Barty, B. E. Lemoff, and C. L. Gordon III 
Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

Abstract. Thedevelopment of a new class of compact, ultrashort pulse, multitera- 
watt laser systems is described. Tests of a 4 TW, -30 fs, 10-Hz system which is 
both diffraction and bandwidth limited are presented. 
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Transmission Grating Masks for High Resolution 

Femtosecond Pulse Shaping 

P. T. Epp and C. P. J. Barty 

Edward L. Ginzton Laboratory 
Stanford University 

Stanford, California 94305 
415-725-4942 phone     415-725-4115 fax 

Abstract 

A high-resolution, variable-amplitude spectral filter is described. The filter is 

based on microlithographically etched transmission gratings and is suitable for 

applications in which a constant spectral filter is desired. Tests of masks designed 

to control gain narrowing in a multiterawatt, ultrashort pulse amplification system 

are presented. 
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Demonstration of a 10-Hz, femtosecond-pulse-driven XUV laser at 

41.8 nm in Xe IX 

B. E. Lemoff, G. Y. Yin, C. L. Gordon, m, C. P. J. Barty, and S. E. Harris 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

Phone 415-725-2258      Fax 415-725-4115 

ABSTRACT 

We report the observation of a gain of approximately exp(l 1) at 41.8 nm in eight- 

times-ionized xenon. This XUV laser is driven by a 10-Hz, 70-mJ circularly-polarized 

femtosecond laser pulse. The laser is focused into Xe at pressures ranging from 5 to 12 

torr. The laser is collisionally excited, with both the ions and electrons produced by field- 

induced tunneling. 

PACS numbers: 32.30.Rj, 42.55.Vc, 42.60.By, 52.50.Jm 
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Electromagnetically Induced Transparency: 

Propagation Dynamics 

A. Kasapi, Maneesh Jain, G.Y. Yin, and S.E. Harris 

Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 

(September 21, 1994) 

Abstract 

We describe the temporal and spatial dynamics of propagating EIT pulses 

in an optically thick medium.   Results include pulse velocities as slow as 

c/165 with 55% transmission, the probable observation of adiabatons, and 

the observation of near diffraction-limited transmitted beam quality. 

42.50.Gy, 42.50.Hz, 32.80.-t 
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