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Summary

• Researchers from national laboratories, National Laser Users’ Facility
(NLUF), CEA, and AWE carry out increasingly complex direct- and
indirect-drive experiments.

• NLUF and other external-user experiments on OMEGA provide
opportunities for graduate and undergraduate education.

• The NLUF is a model for the larger-scale National Ignition Facility (NIF)
users operations.

• LLE will enhance its users program and extend its capabilities
in high-energy-density physic research with the construction
of the multi-petawatt OMEGA EP laser facility.
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The Laboratory for Laser Energetics (LLE)
was established in 1970

• Scientists & Faculty: 62

• Professional Staff: 201

• Graduate Students: 63

• Undergraduate Students: 64

240 feet

OMEGA
laser system

LLE



To develop new
laser and materials

technology

To operate
the National
Laser Users’
Facility
(NLUF).

To conduct implosion experiments and
basic physics
experiments in
support of the
National Inertial
Confinement
Fusion (ICF)
Program.

To provide graduate and
undergraduate education in
electro-optics, high-power
lasers, high-energy-density
physics, plasma physics, and
nuclear fusion technology.

To conduct research
and development in
advanced technology
related to high-energy-
density phenomena.
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LLE’s mission statement
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The National Laser Users’ Facility makes
high-energy-density research facilities available
to U.S. scientists (est. 1979)
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Principal investigators of approved NLUF experiments have
come from industry, government, and university laboratories

• 32 accepted proposals from 5 government laboratories:
– Lawrence Livermore National Laboratory
– Los Alamos National Laboratory
– Lawrence Berkeley Laboratory
– National Institute of Standards and Technology
– Naval Research Laboratory

• 6 accepted proposals from 5 industries:
– Lockheed Missile and Space Company
– Physics International
– Fusion Physics and Technology
– Polymath Associates
– Prism Computational Sciences

• 85 accepted proposals from 25 university laboratories:
– Brigham Young University – Yale University
– University of Illinois – University of Wisconsin, Madison
– University of Rochester – Polytechnic Institute NY
– University of California, LA – University of California, Davis
– University of California, San Diego – University of California, Berkeley
– University of Maryland – SUNY, Buffalo
– University of Florida – SUNY, Geneseo
– University of Connecticut – Syracuse University
– University of Pennsylvania – Harvard University
– Auburn University – University of Nevada at Reno
– Illinois State University – University of Michigan
– University of Texas – Massachusetts Institute of Technology
– University of Hawaii
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The National Laser Users’ Facility (established in 1979)
allows the University of Rochester’s LLE facilities to
be used by scientists from around the country

Objective: To make available high-energy-density physics research
facilities to qualified scientists.

• There have been 248 submitted proposals.

• 123 of these have been approved.

• Scientists come from university, industrial, and
government laboratories.

• 63 graduate students and 20 post-doctoral fellows
have been funded by NLUF grants.

• Annual DOE support to users has ranged from
$400 K to $1000 K.

NLUF
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Dynamic properties of crystals
are investigated using x-ray diffraction

Experiments by M. A. Myers et al.
(U. C. Davis, LLNL, U. C. San Diego,
Oxford, LANL, LLE).

Examples of NLUF experiments
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Dynamic properties of crystal are
investigated using x-ray diffraction
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A wide range of NLUF experiments on the OMEGA laser
explore the physics of supernova explosions

Spherical
divergence

Multi-interface
coupling

2-D versus 3-D
instability

Multimode
instability

2-D simulation
of supernova SN1987A

Muller, Fryxell, and Arnett
(1991)

H. F. Robey et al., Phys. Plasmas 8, 2446 (2001).
R. P. Drake et al., Astrophys. J. 564, 896–908 (2002).
Collaborators:  U. Michigan, LLNL, U. Arizona, U. Colorado, U. Chicago,

SUNY Stonybrook, U. Maryland, NRL, UR/LLE, U. Eastern Michigan, CEA Saclay

NLUF
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OMEGA is a nexus for a variety
of high-energy-density physics experiments
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NLUF experiments explore the use of spectroscopic
diagnostics to determine implosion core gradients
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Charged-particle spectroscopy has been developed
and implemented on OMEGA by MIT-PSFC under NLUF
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R. Petrasso et al., Phys. Rev. Lett. 90 (13), 135002 (2003).
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National Laboratory scientists use
OMEGA to carry out HEDP experiments

• The experimental programs include

– Testing of NIF target concepts

– EOS of materials

– Properties of shocked materials

– Radiation flow and opacity

– Hydrodynamic instabilities

– Diagnostic development

– Laboratory astrophysics

National Laboratory Programs
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OMEGA serves as a test bed for NIF target concepts
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OMEGA serves as a test bed for NIF target concepts (cont’d)
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OMEGA serves as a testbed
for NIF target concepts (cont’d)



Complex multi-target assemblies are routinely
fielded on OMEGA

E11507a

Ti backlighter
targets

Laser
entrance hole

Hohlraums

Pb-loaded
CH shields

Pinhole
camera views

Experimental
package

Field of view

• The experimental configuration provides
two orthogonal pinhole-camera views,
synchronous or sequential in time.



Supersonic jet experiments provided high-
quality benchmark data for code comparisons
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Experiment CALEPETRARAGE

t = 4 ns

t = 6 ns

t = 8 ns

AWE jets
AWE

J. Foster, et al. Phys. Plasmas 9 225 (2003).



First demonstration of x-ray Thomson scattering as a
high-density temperature and density diagnostic
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OMEGA
proof-of-principle

experiment geometry
Compton-downshifted
and Doppler-broadened
Thomson spectrum
observed as expected

X-ray spectra XRTS/EOS/
Cap.Dev.

Photon energy

High-density regimes
now accessible
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National Laboratory Program

S. H. Glenzer et al., Phys. Rev. Lett. 90 (17), 175002 (2003).
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OMEGA is used to develop
and test NIF target diagnostics
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OMEGA is used to develop and test
NIF target diagnostics (cont’d)
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Direct-drive cylindrical implosions demonstrate
mix in convergent, compressible plasma

National Laboratory Programs

Imaging x-ray streak
camera image of

cylindrical implosion.
Spikes of an imposed
m = 14 perturbation

burnthrough just
before the end of

the 2.5-ns drive pulse.

RAGE simulation of the volume
fraction of a gold marker

in a direct-drive
cylindrical mix implosion

Comparison of
experimental measurements

of mix width in time
with RAGE simulation

C. W. Barnes et al., Phys. Plasmas 9, 4431 (2002).
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The first ICF ablator burnthrough data in halfraums
were obtained in SNL/LANL/LLNL/LLE experiments

U301

Polyimide

Streak camera

OMEGA Halfraum LLNL Streaked X-Ray Imager (SXI)
2-ns fiducial

beam

Beryllium

IDI 3.2.1: Perform integrated ablator experiments
in OMEGA halfraum geometry

Filter
Grating

Offset slit
(550 or 700 eV)

Imaging
slit1-ns fiducial

beam

Ablator sample

Reference aperture

Burnthrough
image

WBS 3 Ablator Los Alamos

2 ns

1 ns
t=0 ns

2 ns

1 ns
t=0 ns

Burnthrough
image
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OMEGA operations have been increased to support
external users program requirements
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LLE will extend its HED physics capabilities by
constructing OMEGA EP (extended performance)

• OMEGA EP will add two short-pulse, 2- to 3-PW, 2.6-kJ beams to OMEGA.

• Two high-energy, high-power laser beams can be routed into the OMEGA
target chamber or a dedicated OMEGA EP chamber.

• Co-location of high-energy,
high-power lasers with HED
facilities maximizes their utility.

• Status:
– CD0 – May 2003
– CD1/3A – September 2003
– Building construction

start – August 2003
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Many flexible configurations will be possible
on OMEGA EP

• OMEGA EP will allow
– Significant advances in radiographic capabilities for HED experiments
– Development of diagnostics and diagnostic techniques for the NIF
– Studies of the fast ignition concepts
– Additional precision HED physics experiments
– Studies of ultrahigh-intensity laser–matter interactions
– Maximizing the optimal use of the NIF

Long-pulse 23∞
or 48∞ cones

High-power beam
OMEGA EP target chamber



Fuel assembly experiments with cone-focused
targets have begun on OMEGA
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Pin-hole camera (H8)

Direct-drive cone targets shot on OMEGA in FY03
(LLNL, GA, ILE)
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Construction of the OMEGA EP
building began in August 2003



OMEGA provides unique opportunities
for high-energy-density physics research

• Researchers from national laboratories, National Laser Users’ Facility
(NLUF), CEA, and AWE carry out increasingly complex direct- and
indirect-drive experiments.

• NLUF and other external-user experiments on OMEGA provide
opportunities for graduate and undergraduate education.

• The NLUF is a model for the larger-scale National Ignition Facility (NIF)
users operations.

• LLE will enhance its users program and extend its capabilities
in high-energy-density physic research with the construction
of the multi-petawatt OMEGA EP laser facility.
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Summary/Conclusions




