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Three Years to a New Age of Science
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Clean Energy:
Humankind’s
Challenge
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Clean Energy:
30 Humankind’s
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Could we build a miniature
sun;on earth?
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It seems likely! i
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After 47 years, all of the pieces for ignition
are nearly in place

NIC

The National Ignition Campaign

The NIF laser and the equipment needed for ignition experiments,
including high quality targets, will be available i n 24 months

We have an ignition point design target near 1 MJ wi  th a credible
chance for ignition during early NIF operations

We have an Early Opportunity Shots (EOS) system comm  issioning
campaign with 96 beams planned to start in 18 months

The initial ignition experiments will only scratch t he surface of NIF's
potential, which includes high yields with green lig ht and greatly
expanded opportunities for the uses of ignition by decoupling
compression and ignition in Fast Ignition (FI)
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NIF is 90% complete NIF is on schedule and
within budget
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10th Bundle Performance Qualification energy
1.7 MJ 05/23/07

NIF-0507-13519.ppt CMLS DRC May 1,2007
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Eleven shots at full energy demonstrate the full
operational capability

Final Focus lens Shot N060329-003-999
after 11 shots at > 1.6 MJ 11th shot at > 1.6 MJ
=
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NIF Master Strategy

NIF-0507-13519.ppt

CMLS DRC May 1,2007
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NIC is the bridge from NIF to routine
operations of a highly flexible HED science
facility

NIF-0507-13519.ppt CMLS DRC May 1,2007
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NIF/NIC Integrated Schedule

NIF-0507-13519.ppt CMLS DRC May 1,2007
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Ultimately, yields well in excess of
100 MJ may be possible on NIF

NIF-0507-13519.ppt CMLS DRC May 1,2007
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Fast ignition, which separates the fuel
compression and ignition, will be tested on NIF

 The compression laser assembles the fuel to uniform , high density:

* The ignition laser generates hot electrons that pro pagate through to the dense
fuel and deposit their energy initiating a burn wav e:

Electron generation Electron transport Electron depos ition

NIF-0507-13519.ppt CMLS DRC May 1,2007 24



National Ignition Facility
Three years to a New Age for Science



NIF will access unprecedented
high energy density regimes

NIF Will Create a Huge Flux of Neutrons

NIF Will Create Thermal Plasmas at the
Conditions of Stellar Interiors

NIF Will Drive Targets to Pressures Found
at the Center of Jupiter

NIF Will Produce Enough X-Ray Flux to
Simulate Conditions in an Accretion Disk
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NIF’'s Scientific Environments

* These are the conditions of Extreme Laboratory Astr ophysics
— T >108 K matter temperature
— i >103 g/cc density
— Those are both 7x what the Sun does!
Helium burning, stage 2 in stellar
evolution, occurs at 2x10 8 Kl

» Core-collapse Supernovae, colliding
neutron stars, operate at ~10 29 n’s/cc
— NIF:r , = 107 neutrons/cc

* These apply to Type la Supernovae!
— Electron Degenerate conditions
— Rayleigh-Taylor instabilities for
(continued) laboratory study.

* Only need ~Mbar in shocked hydrogen to study the EO S
in Jupiter & Saturn
— Pressure > 10 1 bar

These certainly qualify as “extreme and unprecedent ed.”
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Nuclear science on NIF

» Unique conditions on NIF will
enable studying:
— Dynamics of nuclei in
excited states
— Charged particle reactions
relevant to nucleosynthesis
— Solar neutrino physics

,T=1-100 keV

_ k
Natoms 1023 =~ C

High Neutron Flux
103% cm—2 sl
fluence=10 23cm 2

A working group has been formed including: LLNL (Sc hneider),
LBNL (Phair), UCB (Moretto), Univ. Notre Dame (Wisch er),
Colorado School of Mines (Greife), GSI, University o f Oslo

NIF-0507-13519.ppt CMLS DRC May 1,2007 28



We have 30 types of diagnhostic
systems planned for NIC

D'.a gnostic Near Backscatter
. . Alignment
Diagnostic - Imager
Instrument / /
Manipulator (DIM) FFLEX
X-ray imager / Hard x-ray
spectrometer
Streaked
X-ray detector > Diagnostic
~—— |
Instrument
Manipulator
DANTE — (DIM)
Soft x-ray
temperature Static x-ray
imager VISAR
Full > Velocity
Aperture Cross Measurements
Backscatter Timing
System

We successfully fielded ~ half of all the types of

diagnostic systems on NIF

NIF-0507-13519.ppt CMLS DRC May 1,2007
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Our goal: turn NIF into the premier international
center for HED experimental science

CERN

France

Switzerland

Chandra X-ray Observatory

NIF

APS

NIF-0507-13519.ppt

SLAC

CMLS DRC May 1,2007 31




One-third of registered LLNL laser users
are foreign nationals

3 FN

82 US

UCSD Professor Farhat Beg
led the Titan ‘first-light” campaign

NIF-0507-13519.ppt CMLS DRC May 1,2007






Is NIF a precursor to an IFE plant?

NIF-0507-13519.ppt CMLS DRC May 1,2007
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NIF Iis about 5 orders of magnitude more
energetic than its earliest predecessor

NIF-0507-13519.ppt CMLS DRC May 1,2007
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NIF is based on
1960’s — 1990's laser technology

NIF-0507-13519.ppt

These technologies result in a low rep rate,
Low efficiency laser fusion driver

CMLS DRC May 1,2007




IFE laser will be based on
1990’s — 2020’s technology

* These “plug and play” modifications to NIF archite cture could increase
rep rate by 100,000x and efficiency by 40x

NIF-0507-13519.ppt CMLS DRC May 1,2007




Diodes are significantly more
energy efficient than flashlamps

NIF-0507-13519.ppt CMLS DRC May 1,2007



Continuous wave diode bar performance has
Increased by 35x since 1988

1 cm Bar CW Power vs Year
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NIF-0507-13519.ppt CMLS DRC May 1,2007
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NIF-0507-13519.ppt

CMLS DRC May 1,2007
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NIF-0507-13519.ppt

CMLS DRC May 1,2007

QuickTime™ and a
Planar RGB decompressor
are needed to see this picture.
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Leveraging the NIF provides a near-term pathway
to the demonstration of an IRE beam line






A glimpse into the future

NIF-0507-13519.ppt

CMLS DRC May 1,2007
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The U.S. Is not alone: There are 3 other major
ICF projects underway or being considered

HIPER (UK)

FIREX Il (Japan)

NIF-0507-13519.ppt

LMJ (France)

Supporting activities are pursued in many European

and Asian countries

CMLS DRC May 1,2007
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NIF-0507-13519.ppt

CMLS DRC May 1,2007
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Cryogenic Layering Prototype Target



How do we build a user community?

Planetary Fluids at Astrophysical Laser-plasma
High Pressure Hydrodynamics Interactions

Raymond Jeanloz, P, Paul Drake, PI, Christoph Niemann, P
UC Berkeley U. of Mich. UCLA NIF Professor

Tho_mas Duffy, David Arnett, Chan Joshi & Warren Mori
Princeton U. U. of Arizona, UCLA

Russell Hemley, Adam Frank, Bedros Afeyan,
Carnegie Inst. U. of Rochester, Polymath

Yogendra Gupta, Tomek Plewa, David Montgomery,
Wash. State U. U. of Chicago, LANL

Paul Loubeyre, Todd Ditmire, Andrew Schmitt,
Univ P/M Curie, CEA U. Texas-Austin NRL

POC: Rip Collins POC: Bruce Remington POC: Bob Kirkwood

An Academic Use of NIF program has begun with 3 “pa  rticipating research teams”
« Each team granted $100K seed funding per year fort  hree years

» Experiments to commence by FY’10 or earlier

» Close collaboration with LLNL scientists

 Team’s help essential in working through “user” iss ues

NIF-0507-13519.ppt CMLS DRC May 1,2007 48




LLNL laser facilities supports a broad community
of internal and academic users

53 University
users

\

NIF-0507-13519.ppt

Including...
Colorado State U. Brigham Young
Florida A&M Stanford
MIT U. Maryland
Ohio State U. U. Pacific
UC Berkeley UT Austin
UC Davis Ecole Polytechnique
UC San Diego U. Madrid
UCLA U. British Columbia
U. Maryland U. Pisa

CMLS DRC May 1,2007
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Ignition plan has 35 distinct diagnostic
reguirements



NIF will be an integral member
of the HED community

NIF

FIREX-2,
HIPER

LIL,



