






Cover Photos

Upper Left: Over 300 liquid crystal (LC) optics are used in
OMEGA for beam polarization control. Buffed polymer layers
are critical for establishing macroscopic alignment over the large
apertures required in the system. Here, Ph.D. student Tanya Kosc
validates the long-term quality of alignment for a prototype LC
distributed polarization rotator that was manufactured over 15
years ago.

Lower Left: A two-dimensional smoothing by spectral disper-
sion (2-D SSD) system recently installed on OMEGA is capable
of producing phase-modulated spectra that can be frequency
tripled to 1-THz bandwidth in the ultraviolet. This 2-D SSD sys-
tem incorporates a high-frequency bulk-phase modulator
operating at 10.4 GHz to produce 11 ~ of bandwidth in the in-
frared. Efficient frequency tripling of this broadband signal
requires dual-tripler frequency-conversion crystals that are cur-
rently installed on only 13 beams. The high-frequency bulk-
phase modulator can also be operated at 3 ~ with a higher dis-
persion grating to produce three SSD color cycles, which
significantly improves beam smoothing at lower bandwidths on
all 60 OMEGA beams.

Center: The moving cryostat maintains a target at a constant
temperature to layer the DT ice and transports the target to the
center of the target chamber. The cryostat base is shown. At the
bottom is the cryo cooler. Above the cooler are the 4-axis
positioner and two thermal shrouds that are maintained at 45 K
and 16 K. The target assembly is at the top. The target is mounted
on spiders silk in a C-shaped beryllium support.
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Upper Right: The cryogenic target positioner (cryostat b~lse) is
used to place a 4-mm-diam pointing sphere at the center of the
OMEGA chamber.

Center Right: Hope D’Alessandro. electronics technician, prepares a
NIF deformable mirror substrate for surface figure testing on LLE’s
1S-in.-aperture interferometer. The mirror will allow wavefront correc-
tion of the NIF beam when the 39 posts on the back of the mirror are
bonded to actuators on a reaction block. LLE will be coating the sub-
strates with a low-stress, dielectric high reflector and assembling the
deformable mirrors for Lawrence Livermore National Laboratory.

Lower Right: The experimental setup for off-line tuning of the dual-
tripler, OMEGA frequency-tripling crystals. The frequency-tripling
scheme for high-bandwidth conversion was proposed by D. Eimed
et al. [Opt. Lett. 22, 1208 ( 1997)] and experimentally demonstrated
by LLE [Opt. Lett. 23,927 (1998)]. In the off-line setup, a single laser
pulse of 1053-nm wavelength, 100-ps duration, and approximate y
Gaussian spatial profile with 4-mm FWHM is generated using a Nd:Yl.F-
based amplifier configuration. Broad bandwidth is simulated by varying
the angle of incidence on the crystals. The off-line technique allows
crystal phase-matching angles to be accurately determined and trans-
ferred into OMEGA. Conversion of 1-pm radiation to its third harmonic
with an overall energy conversion efficiency approaching 70% and a
UV bandwidth of -1 THz was recently demonstrated on OMEGA.

This report was prepared as an account of work conducted by the Laboratory for

Laser Energetic and sponsored by New York State Energy Research and Devel-

opment Authority, the University of Rochester, the U.S. Department of Energy,

and other agencies. Neither the above named sponsors, nor any of their enlploy -

ees, makes any warranty, expressed or implied, or assumes any legal liubili[y or

responsibility for the accuracy, completeness, or usefulness of any information,

aPParatus, product, or process disclosed, or represents that its use would nut
infringe privately owned rights. Reference herein to any specific commercial

product, process, or service by trade name, mark, manufacturer, or otherwise,

does not necessarily constitute or imply its endorsement, recommendation, or

favoring by the United States Government or any agency thereof or any o[her

sponsor. Results reported in the LLE Review should not be taken as necessarily

finat results as they represent active research. The views and opinions of authors

expressed herein do not necessarily state or reflect those of any of the above

sponsoring entities.

The work described in this volume includes current research at the Labora-

tory for Laser Energetic, which is supported by New York State Energy Re$earch

and Development Authority. the University of Rochester, the U.S. Dcparunent

of Energy Office of Inertial Confinement Fusion under Cooperative Agreement

No. DE-FC03-92SF 19460, and other agencies.

For questions or comments. contact Laboratory for Laser Encrgetics,
250 East River Road, Rochester, NY 14623-1299, (7 16) 275-5286.

Worldwide-Web Home Page: http://www.lle. rochester.edu/



University of Rochester
Laboratory for Laser Energetic

DOE/SF/l 9460-332
January 2000

LLE 1999 Annual Re~ort
■ UR

October 1998 – September 1999
LLE

nertial Fusion Program and

National Laser Users’ Facility Program



DISCLAIMER

This report was.prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accurac’y, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.

. . -—. ..-— .-.—- ——-— —————. ——— ———— -----



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.

----- .,.,-,.7. ” - ., /.,-.= ,7————” --- . . . -—--7.-,-. ..,..--> . . . . . . ...>- .- _ -,m-rzxrF- “~~————— ~--- -:------ - -- .-



Contents

Executive Summmy .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......

Laser–Plasma Interactions in Long-Scale-Length Plasmas

Under Direct-Drive National Ignition Facility Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Irradiation Uniformity for High-Compression Laser-Fusion Experiments .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A Novel Charged-Particle Diagnostic forpR in Compressed ICFTmgets .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Arresting UV-Laser Damage in Fused Silica .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Theory of the Ablative Richtmyer-Meshkov Instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Reverse Intersystem Crossing from a Triplet State of Rose Bengal Populated

by Sequential 532-rim plus 1064-nm Laser Excitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Picosecond Response of Optically Driven Y-Ba-Cu-O Microbridge

and Josephson-Junction Integrated Stmctures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

High-Frequency Bulk PhaseModulatorfor Broadband Smoothing

by Spectral Dispersion on OMEGA .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Angular Spectrum Representation of Pulsed Laser Beams with Two-Dimensional

Smoothing by Spectral Dispersion .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Hollow-Shell Implosion Studies on the 60-Beam, UV OMEGA Laser System .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Simultaneous Measurements of Fuel Areal Density, Shell Areal Density,

and Fuel Temperature in D3He-Filled Imploding Capsules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The Design of Optical Pulse Shapes with an Aperture-Coupled-Stripline

Pulse-Shaping System .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Measurement Technique for Characterization of Rapidly Time-

and Frequency-Varying Electronic Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Damage to Fused-Silica, Spatial-Filter Lenses on the OMEGA Laser System . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Direct-Drive Target Designs for the National Ignition Facility .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Numerical Investigation of Characterization of Thick Cryogenic-Fuel Layers Using

Convergent Beam Interferometry .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

FY99 AnnualReport

v

1

12

17

26

30

36

48

53

62

82

93

97

105

114

121

131

..
111

— . ... .—.— .,.— —. ..... .



CONTENTS

Studies of Target Implosion Using K-Shell Absorption Spectroscopy

of an Embedded Titanium Layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Experimental Investigation of Smoothing by Spectral Dispersion .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Nonlinear Evolution of Broad-Bandwidth, Laser-Imprinted Nonuniformities

in PlanarTargets Acceleratedby 351.nm Laser Light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Uniaxial/Biaxial Stress Paradox in Optical-Materials Hardening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Observation of Electron Trapping in an Intense Laser Beam .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Modeling Laser Imprint for Inertial Confinement Fusion Twgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Stability of Self-Focused Filaments in Laser-Produced Plasmas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Broadband Beam Smoothingon OMEGA with Two-Dimensional

Smoothing by Spectral Dispersion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The Effect of Pulse Shape on Laser Imprinting and Beam Smoothing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The Output Signal-to-Noise Ratio of a Nd:YLF Regenerative Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Development of New Magnetorheological Fluids for Polishing CaF2 and KDP .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LLE’s Summer High School Research Program . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

FY99 Laser Facility Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

National Laser Users’ Facility News . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Publications and Conference Presentations .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

139

149

156

174

180

185

191

197

203

209

213

220

222

223

227

iv FY99AnnualReport



Executive Summary

The fiscal year ending September 1999 (FY99) concluded the

second year of the cooperative agreement (DE-FC03-

92SF19460) five-year renewal with the U. S. Department of

Energy (DOE). This report summarizes research at the Labo-

ratory for Laser Energetic (LLE), the operation of the

National Laser Users’ Facility (NLUF), and programs involv-

ing education of high school, undergraduate, and graduate

students for FY99.

Progress in Laser Fusion

A principal mission of the University of Rochester’s Labo-

ratory for Laser Energetic is to study the direct-drive approach

to inertial confinement fusion (ICF). During the past year we

have made a number of advances in our understanding of

direct-drive ICF through the use of the OMEGA facility and

the use of our computational and theoretical capabilities. A

major part of the LLE program is directed toward developing

the potential for direct drive for an ignition demonstration on

the National Ignition Facility (NIF) under construction at the

Lawrence Livermore National Laboratory (LLNL).

Long-scale-length plasmas with parametric relevance to

the NIF have been produced and characterized on the OMEGA

system (pp. 1–1 1). On the basis of these experiments we have

concluded that stimulated Raman scattering (SRS) and stimu-

lated Brillouin scattering (SBS) are unlikely to cause unaccept-

able losses or produce unacceptable preheat through instabilities

on NIF-scale targets.

We have modeled the stability of self-focused filaments in

laser-produced plasmas. A wave-equation treatment of the

laser light combined with self-consistent filament equilibrium

simulations indicates that only very small filaments, where

one waveguide mode is propagating, may be considered to

be stable. When two or more waveguide modes can propagate,

the filament tends to break up within tens of microns

(pp. 191-196).

Direct drive requires high uniformity of irradiation. The

article beginning on p. 12 describes our efforts using a number

FY99AnnualReport

of beam-smoothing techniques to achieve increased unifor-

mity on the OMEGA system and our projections for the

uniformity that will be available on the NIF. We believe that on

OMEGA the rms uniformity will be in excess of 99% (aver-

aged over 300 ps) when beam-smoothing enhancements are

completed for the facility. For the NIF, we project an even

higher degree of uniformity using these same techniques.

Our study of hollow-shell implosions on the 60-beam

OMEGA system (pp. 82–91) yielded information about target

performance as a function of laser-irradiation uniformity and

temporal laser pulse shape. We have found that pulse-shaped

implosions place more stringent requirements on power balance

and initial target-illumination uniformity. As improvements in

laser drive are made, we expect higher neutron yields and

higher areal densities than those obtained in these experiments.

In another set of experiments we investigated target per-

formance enhancements when smoothing by spectral disper-

sion (SSD) was used to improve illumination uniformity.

Time-integrated UV equivalent-target-plane imaging was used

to compare two-dimensional SSD beam-smoothing rates to

theoretical predictions for the 0.2-THz system on OMEGA

(pp. 149–155). This work supports our confidence that larger-

bandwidth SSD systems will produce enhanced smoothing.

Embedded titanium layers in spherical targets were used to

determine the areal density of compressed shells. Target per-

formance enhancement with the SSD beam smoothing is

characterized using this method (pp. 139–148). A pinhole-

array x-ray spectrometer captures core images below and

above the K edge of titanium. The results are compared with

two-dimensional ORCHID simulations.

The implementation of broadband smoothing on OMEGA

with two-dimensional SSD is discussed beginning on p. 197.

The article describes issues relevant to the architecture choices

made during the design phase of the project, as well as

measurements conducted to verify the laser bandwidth and

ensure that FM to AM conversion is minimized.

v
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The effect of temporal pulse shape on laser imprint and

beam smoothing has been studied (pp. 203–208). Preimposed

modulations on planar-foil targets were used to calibrate the

mass equivalence of features imprinted by the laser, and the

resulting growth rates are compared to numerical simulations.

A number of hydrodynamic instabilities arise in laser-

driven implosions. While it is not possible to eliminate these

instabilities, every effort must be made to limit the amount of

implosion degradation they could cause. We have developed

an analytic theory of the ablative Richtmyer–Meshkov insta-

bility. The principal result of this research (pp. 30–35) is that

the instability exhibits a stabilizing mechanism due to the

dynamic overpressure of the blowoff plasma with respect to

target material.

While the effect of hydrodynamic instabilities on the per-

formance of ICF targets is well known, techniques are required

to characterize the sources of nonuniformities that can seed

these instabilities. One such source is the surface roughness of

the inside of the DT cryogenic fuel. Our numerical inves-

tigation of characterization of thick cryogenic-fuel layers

using convergent beam interferometry (pp. 13 1–138) indicates

that this optical technique can be used to isolate the surface

under investigation and resolve the perturbations at the rel-

evant level.

The nonlinear evolution of broad-bandwidth, laser-imprinted

nonuniformities in planar targets accelerated by 35 l-rim laser

light with beam-smoothing techniques was studied using

throughfoil radiography. The saturation of three-dimensional

perturbations produced by laser imprinting was observed and

compared to those predicted by the Haan model (pp. 156–173).

Modeling laser imprint in ICF targets is discussed in theoreti-

cal work (pp. 185–1 90) where the model describing the evolu-

tion of laser imprint shows that growth is determined by the

velocity and acceleration perturbations generated by the laser-

beam nonuniformities. Thermal smoothing inside a hot plasma

corona suppresses only the acceleration perturbation, while the

mass ablation suppresses both velocity and acceleration per-

turbations. The model predicts that directly driven NIF targets

will remain intact during the implosion when the laser is

smoothed with 1-THz SSD used on our current point designs.

In planning for direct-drive ignition on the NIF we have

conducted a theoretical analysis of direct-drive NIF targets

(PP. 121-1 30). We established that specifications required on
the NIF ensure a successful direct-drive ignition demonstra-

tion using a baseline direct-drive target design. Independent

calculations conducted by the Lawrence Livermore National

Laboratory have confirmed these calculations.

Diagnostics Development

The evolution of ever-increasing sophisticated diagnostics

to measure ICF events has been remarkable to observe over the

last 20 years. As experiments become more complex and

quantitative, diagnostic instruments must meet significant

challenges to measure many details required for a comprehen-

sive understanding of the underlying physics in ICF. As the

National program prepares for an ignition demonstration on

the NIF, all of the participating institutions are developing the

required diagnostics. Similarly, as our understanding of di-

rectly driven targets increases with our use of OMEGA, more

and better diagnostics are constantly in demand.

A novel charged-particle diagnostic has been developed

that performs simultaneous pR measurements of the fuel, shell,

and ablator regions of a compressed ICF target, consisting

of an inner DT-fuel region, a plastic (CH) shell, and an

ablator (CD), by measuring the knock-on deuteron spectrum

(pp. 17-25).

LLE continues the productive collaboration with our col-

leagues at MIT and LLNL to develop charged-particle mag-

netic spectrometers. We have demonstrated on OMEGA the

diagnostic capability of two of these spectrometers. As an

initial application, the simultaneous measurements of the fuel

areal density, shell areal density, and fuel temperature have

been carried out using D3He-filled imploding capsules

(pp. 93-96). Our initial experiments demonstrated the ability

to carry out these measurements at fuel ion temperatures of 3

to 6 keV, fuel areal densities in the range of 10 to 20 mg/cm2,

and shell areal densities in the range of 40 to 60 mg/cm2.

Measurements like these can be applied to the parameter

region characteristic of cryogenic-fuel capsules on OMEGA.

In future experiments, we will extend such measurements to

higher fuel and shell areal densities and validate these tech-
niques on cryogenic-fuel targets.

Laser and Optical Materials and Technology

We have designed and tested an efficient, bulk-phase

modulator operating at approximately 10.5 GHz, which can

produce substantial phase-modulated bandwidth with modest

microwave drive power (pp. 53–61). This modulator is the

cornerstone of the 1-THz UV bandwidth operation for OMEGA.

The resonator design employs an adapted form of cutoff-

waveguide coupling and velocity matching to yield a simple,

high-Q microwave design with practical clear-aperture

vi FY99AnnaalReport



EXECUTIVESUMMARY

dimensions suitable for applications in a2-D SSD system.

The design is scalable to other frequencies by simply changing

the electro-optic crystal dimensions. The measured micro-

wave performance of the modulator agrees well with perfor-

mance predicted from fully anisotropic, three-dimensional

numerical simulations.

Flexible modeling tools are required to simulate the genera-

tion and propagation of two-dimensional SSD pulsed laser

beams. The Waasese code was developed to simulate the ideal

and nonideal behavior of the many optical components that

comprise the SSD driver line, including their relative positions

(pp. 62-8 1). The code predicts measurable signatures that

function as diagnostic tools since they are associated with

particular optical components. Minimizing any amplitude

modulation in the driver line will ensure the safety and lifetime

of OMEGA optics by circumventing the effects of small-scale

self-focusing. The code has proved to be an indispensable

modeling tool for the OMEGA laser, and its inherent flexibility

will provide a means to enhance its capabilities to model other

laser propagation issues such as nonlinear propagation, on-

target uniformity, amplifier gain, scattering losses, and pin-

hole clipping.

Laser-fusion experiments require precise control of the

temporal profile of optical pulses applied to targets. While

OMEGA has had a pulse-shaping capability for sometime, the

demands on the precision, flexibility, and repeatability of the

optical pulse-shaping system have increased. To meet the new

requirements, an aperture-coupled stripline electrical-wave-

form generator has been designed. The model we have devel-

oped (pp. 97–104) allows one to produce accurately shaped

optical pulses suitable for injection into the OMEGA system.

The model requires the solution of the telegraph equations

using the method of characteristics.

A measurement technique has been developed that enables

the complete characterization of electronic devices having any

dynamic temporal and spectral frequency response, such as the

photoconductive microwave switches on the OMEGA pulse-

shaping system (pp. 105–1 13). The technique is a superset of

a form of input-output relationships called the scattering or

S parameter; this technique can also be applied to any micro-

wave or millimeter-wave device whose properties vary rap-

idly, such as photoconductive attenuators, phase shifters, and

directional couplers.

High-peak-power lasers for fusion applications, such as

OMEGA, must constantly deal with optical damage in many

components. We have studied the damage to the fused-silica

spatial-filter lenses on the OMEGA laser system (pp. 114-

120). LLE has implemented a plan to maintain the quality of

OMEGA optics that includes frequent inspection and in-situ
cleaning of optics. With the establishment of safe operational

damage criteria, laser operation has not been impeded. The

implications, morphologies, possible causes, and ongoing long-

term experiments of spatial-filter lens damage are discussed in

the article.

Because of its excellent homogeneity and low-intrinsic

absorption properties, fused silica remains the preferred mate-

rial for high-power laser applications over a wide wavelength

range. Deciding when to replace spot-damage-afflicted fused-

silica optics or, in the case of inaccessible space-based lasers,

predicting the useful service life of fused-silica optics before

catastrophic, pulsed-laser-driven crack growth shatters a part

has recently become simpler. We report results from stress-

inhibited laser-crack propagation and stress-delayed damage-

initiation experiments in fused silica at 351 nm (pp. 26-29).

The damage-initiation threshold was observed to increase by

70% when a modest amount of mechanical stress was applied

to the fused-silica optic. Research is underway presently to

determine the ratifications of these findings for large-aper-

ture systems, such as OMEGA. In related work (pp. 174-179),

we have obtained experimental results on stress-inhibited,

laser-driven crack growth and stress-delayed laser-damage-

initiation thresholds in fused silica and borosilicate glass

(BK-7). The use of different loading geometries providing

uniaxial and biaxial stresses shows that the biaxial stress

configuration offers superior efficiency in raising the laser-

damage-initiation threshold by up to 787. and arresting crack

growth down to 309. relative to stress-free conditions.

We have measured the output signal-to-noise ratio (SNR)

of a Nd:YLF regenerative amplifier and have found that our

measurements are in excellent agreement with the predictions

of a simple theoretical model (pp. 209–2 12). The model

includes amplified spontaneous emission and noise injected

into the amplifier.

Magnetorheological finishing (MRF) is a novel and re-

cently commercialized process for figuring and polishing

piano, convex, and concave optics (both spherical and aspheri-

cal) from a wide variety of optical materials. We discuss the

development of new magnetorheological fluids to extend

the finishing technique to two soft, single-crystal, optical

materials: CaF2 and KDP (pp. 2 13–2 19). Material-removal

functions are characterized through analysis of polishing
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spots generated on a new research platform at the Center for

Optics Manufacturing.

Advanced Technology

Rose bengal is a dye used in photodynamic therapy. Photo-

dynamic therapy is a treatment in which the combination of a

dye, light, and oxygen causes photochemically induced cell

death. We present what we believe to be the first study of a

triplet state of rose bengal that is produced by 1064-nm

excitation of T1 (pp. 36-47). The triplet-triplet absorption

cross section was measured between 825 nm and 1100 nm. The

state was further characterized using two-step laser-induced

fluorescence to determine its thermalization rate, lifetime, and

quantum yield of reverse intersystem crossing. Similar two-

step laser-induced fluorescence measurements were made of

the triplet excited by 632-rim light.

We have measured the picosecond response of optically

driven YBaCuO (YBCO) microbridge and Josephson-junc-

tion integrated structures (pp. 48–52). Single-picosecond

switching of a high-temperature-superconductor Josephson

junction was observed, and the junction turn-on delay time was

measured. These findings provide confirmation of the poten-

tial of YBCO for ultrafast optical and electrical transient

detection and processing.

Charged particles interacting with an oscillating electro-

magnetic field will seek regions of low intensity. We have

observed electron trapping in an intense single-beam pondero-

motive optical trap (pp. 180–1 84). Thomson-scattered light

from the electron trap was enhanced through the use of a novel

trapping focus of the laser. The scatter distribution is compared

with simulations for ordinary and trapping-focus beams.

Laser Facility Report

FY99 was a very productive year for the OMEGA system.

We recorded 1207 shots on target for experiments for LLE,

LLNL, LANL, and NLUF users. This is the second fiscal year

where we have used an extended shot schedule (12 blday,

3 dayslweek). Many of the shots took advantage of the l-h

cycle time for OMEGA. During FY99, a number of major

system modifications were made; these modifications are

discussed beginning on p. 222. Most notably, improved indi-

vidual-beam uniformity resulting from an upgrade of the 2-D

SSD system was achieved (seethe article beginning on p. 197).

We have also added second tripler frequency-conversion crys-

tal assemblies to 13 of the 60 beams. These additional triplers

allow efilcient frequency conversion for laser bandwidths up

to 1 THz. This is the first stage of a project to modify all 60

beams to be able to use 1-THz SSD in future experiments.

In preparation for cryogenic-target experiments, the upper

and lower pylons of the cryogenic target handling system

were installed on OMEGA. The system will be fully activated

in FYOO.

National Laser Users’ Facility (NLUF)

Beginning on p. 223, we report on FY99 NLUF experi-

ments. During the year, significant progress was made on

several NLUF projects. A total of 144 OMEGA target shots

were dedicated to the NLUF program during FY99.

In addition to NLUF-supported programs, several direct-

and indirect-drive experiments, also coordinated through the

NLUF manager, were carried out on OMEGA by groups from

LLNL and LANL. These experiments are conducted for both

ICF research and research in support of the Stockpile Steward-

ship Program. This program was formally initiated by the

FY94 Defense Authorization (PL 103-160) to “establish u

stewardship program to ensure the preservation of the core
intellectual and technical competencies of the United States in
nuclear weapons.” Since the Nova laser at LLNL was decom-

missioned in May 1999, the National laboratories are making

increased use of the OMEGA facility.

Thirteen proposals were submitted to NLUF for FYOO. A

DOE technical evaluation panel reviewed the proposals and

recommended approval of seven proposals for funding. The

accepted proposals are summarized in Table 80.VIII on p. 225.

Education at LLE

As the only university major participant in the National ICF

Program, education continues to be a most important mission

for the Laboratory. Graduate students play a significant role in

LLE’s research activities and are participating in research

using the world’s most powerful ultraviolet laser for fusion

research on OMEGA. Fourteen faculty from five departments

collaborate with LLE’s scientists and engineers. Presently 42

graduate students are pursuing Ph.D. degrees at the Labora-

tory. The research interests vary widely and include theoretical

and experimental plasma physics, laser–matter interaction

physics, high-energy-density physics, x-ray and atomic phys-

ics, nuclear fusion, ultrafast optoelectronics, high-power-laser

development and applications, nonlinear optics, optical mate-

. .
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rials and optical fabrication technology, and target fabrication.

Technological developments from ongoing Ph.D. research

will continue to play an important role on OMEGA.

One hundred thirty-three University of Rochester students

have earned Ph.D. degrees at LLE since its founding. An

additional 63 graduate students and 20 postdoctoral positions

from other universities were funded by NLUFgrants. The most

recent University of Rochester Ph.D. graduates and their

thesis titles are

D. Jacobs-Perkins

V. Smalyuk

R. Ejnisman

A. Chirokikh

M. Currie

R. Giacone

J. Bromage

P. Rudy

E. Alfonso

B. Conger

P. Rodney

FY99AnnualReport

Design, Analysis, and Implementation
of an Ultrafast Electro-Optic Elec-

tric-Field Imaging System

Experimental Investigation of the

Nonlinear Rayleigh–Taylor Instabil-
ity in CHFoils Irradiated by UVLight

Studies with Ultracold Atoms

Stimulated Brillouin Scattering
Experiments on OMEGA

Ultrafast Electro-Optic Testing of

Superconducting Electronics

Spatiotemporal Evolution and
Nonlinear Kinetic Simulations of
Stimulated Brillouin Scattering

Creating Rydberg Electron Wave
Packets Using Terahertz Pulses

Manipulation of Laser Cooled Atoms
Via Dynamical Optical Potentials

Chemistry and Processing of Polymer
Shells

Polarized Photoluminescence from
Nematic and Chiral-Nematic Films

The Photophysics of Ionic Semicon-

ductors at Low Temperatures: Silver
Bromide, Silver Iodide, and Cuprous

Oxide

Approximately 50 University of Rochester undergraduate

students participated in work or research projects at LLE this

past year. Student projects include operational maintenance

of the OMEGA laser system, work in the materials and

optical-thin-film coating laboratories, programming, image

processing, and diagnostic development. This is a unique

opportunity for these students, many of whom will go on to

pursue a higher degree in the area in which they have partici-

pated at the Laboratory.

LLE continues to run a Summer High School Student

Research Program (pp. 220-221) where this year 12 high

school juniors spent eight weeks performing individual re-

search projects. Each student is individually supervised by a

staff scientist or an engineer. At the conclusion of the program,

the students make final oral and written presentations on their

work. The written reports are published as an LLE report. One

of this year’s participants, Aman Narang of the Harley School,

has been named a semifinalist in the 1999 Intel Science Talent

Search for his summer project. His research topic was “Analy-

sis of the 30.ISSD spectrum of an OMEGA laser beamline”;

he was supervised by Dr. W. Donaldson.

In 1999, LLE presented its third William D. Ryan Inspira-

tional Teacher Award to Mr. John Harvey of Honeoye Falls–

Lima Senior High School. Alumni of our Summer High School

Student Research Program were asked to nominate teachers

who had a major role in exciting their interest in science,

mathematics, and/or technology. The award, which includes a

$1000 cash prize, was presented at the High School Student

Summer Research Symposium. Mr. Harvey, a mathematics

teacher, was nominated by Jeremy Yelle and David Rae,

participants in the 1997 program. “I have never met another

teacher that was so passionate for what he teaches, and commu-

nicates himself well enough to get even the most complicated

of ideas into the simplest of minds,” wrote Yelle in his nomi-

nation letter. Mr. Rae added, “Mr. Harvey must also be recog-

nized for his dedication to students after the books have closed

and the homework has been passed in.”

Robert L. McCrory

Director
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