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Clean Energy: Humankind’s Challenge
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How Many More Power Plants
Do We Need?

10 000 Power Reactors *
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Two New Ones Each Week!




Fusion Energy: Chemical Energy:
70 g of Water Supertanker Full

Carbon Free of Carbon Dioxide-Rich Oil
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After 47 years, all of the pieces for ignition are N_
\

nearly in place

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

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

 We have an Early Opportunity Shots (EOS) system commissioning
campaign with 96 beams planned to start in 12 months

« The initial ignition experiments will only scratch the surface of NIF’s
potential, which includes high yields with green light and greatly
expanded opportunities for the uses of ignition by decoupling
compression and ignition in Fast Ignition (Fl)

NIF-0607-13692.ppt NIF Town Hall Meeting, June 16, 2007
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NIF concentrates all -
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15 Main Laser Bundles
Operationally
Qualified
October 31, 2007
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Beamline
Performance
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Each beam on NIF, is on its own, the World’s
most energetic laser




NIC 1.8 MJ ignition point design, energy, power, pulse
shape & smoothing were achieved simultaneously

NIC

The National Ignition Campaign
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“External Users” participated
in the 2004 NIF Early Light Experiments
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PRL ¢

Physical Review Letters —

Experimental Tnvestigation of High-Mach-Number 3D Hydrodynamic Jets
at the National Tgnition Facility

B.E. Blue,' S. V. Weber,' S. G. Glendinning,' N. E. Lanier,” D. T. Woods,' M.J. Bono,' S.N. Dixit,' C. A. Hayna|
J.P. Holder, D. H. Kalantar,' B.J. MacGowan,' A.J. Nikitin,' V. V. Rekow." B.M. Van Wonterghem," E.T. Mos:
P.E. Stry,' B. H. Wilde.> W. W. Hsing.' and H.F. Robey'

os Alamos National Labarator

‘The first hydrodynamic experiments were
was formed via the interaction of a laser dri
‘The temporal evolution of the jet’s spatial s

x.ray radiogruphy. Messurements of he lasgefeale features and mass ae n good agreement with 2D and
i Thes:

ormed on the National Ignition Facility. A supersonic jet
ck ( ~ 40 Mbar) with 2D and 3D density pertusbations.
es and ejected mass were measured with point-projection

3D mumerical
jets and provide insight into \bais 3D bohavi

DOI: 10.1103/PhysRevLet. 04005005

The interaction of a shock wave with a density pe
bation is a problem of basic scientific interest [1]
specific application to astrophysics [2] and inertial
finement fusion (ICF) [3]. For instance, high-Mach nu
hydrodynamic jets, which can result from a sh)
perturbation interaction, are ubiquitous features of s
novae in astrophysics [4—7] and may result from the
ence of capsule joints or cryogenic fill tubes in ICH
Although the spatial scales of these systems vary
16 orders of magnitude from supernovae jets (~10'
to micron scale jets inside ICF capsules, they are unifiq
the physics of a high-Mach number shock interacting
a perturbation at a two fluid interface. In both system
shock-perturbation interaction results in a jet of pl
being ejected ahead of the shocked material interfac

ovide T 3D suped

PACS numbers: 5235Te, 52.50Jm, 52.57.-2

ur-  backed by 100 mg/cc carbon acrogel foam. The e
ith  mental package consisted of a 101 = 2 gm thickne:
on- minum disk placed in direct contact with a s
ber aluminum disk of 149 += 2 gm thickness that contaif
k- central, 162 = 2 pm diameter hole. The hole was dril
er- either 0° for the case of a two-dimensional cylindrf
fes-  symmetric target [Fig. 1(a)] or 45° for the case of

8].  three-dimensional target [Fig. 1(b)]. The two 80
fver diameter aluminum disks were inserted into a 2004
m)  diameter, 250 gm thick gold washer that delaye
by propagation of shocks around the exterior of the

ith  package. The front surface of the target was coated
the 57 + 2 um thick palystyrene ablator. The carbon
ma  was encased in a polystyrene shock tube with
In  thickness of 40 gzm.
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Progress in long scale length laser—plasma

PHYSICS OF PLASMAS 13, 032703 (2006)

Hard x-ray and hot electron environment in vacuum hohlraums

at the National Ignition Facility

J. W. McDonald, L. J. Suter, O. L. Landen, J. M. Foster,” J. R. Celeste, J. P. Holder,
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Time resolved hard x-ray images (hv=>9 keV) and time integrated hard x-ray spectra (hv
=18-150 ke'V) from vacuum hohlraums irradiated with four 351 nm wavelength National Ignition
Facility [J. A. Paisner, E. M. Campbell, and W. 1. Hogan, Fusion Technol. 26, 755 (1994)] laser
beams are presented as a function of hohlraum size, laser power, and duration. The hard x-ray
images and spectra provide insight into the time evolution of the hohlraum plasma filling and the
production of hot electrons. The fraction of laser energy detected as hot electrons (Fy,,) shows a
correlation with laser intensity and with an empirical hohlraum plasma filling model. In addition, the

significance of Au K-alpha cmission and Au K-shell reabsorption obscrved in some of the
bremsstrahlung dominated spectra is discussed. © 2006 American Institute of Physics.

[DOL: 10.1063/1.2186927]

I. INTRODUCTION

High-Z cavities or hohlraums are an essential part of the

ties such as the stimulated Raman instability."® Quantifying
the hot electron production is important for ignition experi-
ments because the hot electrons can penetrate the fuel cap-

the case of supernovae, a jet provides a possible metha- 'E;W';ﬁ‘;;’:i::ﬁ:;f:x:?tm Energetics, Rochester, NY USA indirect drive approach to interal confinement fusion  gule, preheating the fuel and thereby making it hasder to
nism for explaining the observation of the early appearfince S (ICF)." These hohlraums convert intense laser light into soft  compress, Hot electrons can be important for other experi-
of core high Z elements (nickel, iron, etc) [9] in the fhiter Resolution Grid——— Received 14 May 2004, accepted for publicati eptember 2004 x rays that can symmeically implode fuel capsules or €an  menys, for example, by prebeating hydrodynamic packages
helium and hydrogen envelope. In the case of ICF capsffles, e CRFFoam—— Published 26 November 2004 be used for a wide variety of other high-energy density eX- o by driving the plasma out of equilibrium. Hard x-ray elec-
fabrication joints or ﬁ&ifﬁli“ﬂ,ﬁ::ﬁﬁlﬁiﬁfi l @ ~——— Shock Tube Online at stacks.iop.org/NF/44/5185 periments. The physies of laser absorption in the hohlfaum yoq bremssisablung emission i produced when the fast cloc-
N 4 pet- doi: 10, 1088/0029-551 5/44/1 2'S08 must be understood in order to dict the hohlraum symme- i i
ing ignition [8]. Previous work has studied the spfjtial —Alw/lole—____J ry, radiation termperatures o bl svithin. the. bobe trons interact with the surrounding plasma or the cold dense
evolution of 2D jets [6]. This Letter describes quantitfftive T —AuWasher— Abstract and the effi F ling of the dri he  TUer is on the order of a few
measurement of the evolution of 3D supersonic jetqjand ~— Ablator—~ The first experiments on the National Ignition§Facility (MIF) have employed the first four beams to measure the efficiency of coupling of the driver energy to the  percent of the fast electron energy for high-Z materials such
provides insight into their 3D behavior. To validatf] the shock propagation and laser backscattering losses in IqJee ignition-size plasmas. Gas-filled targets between 2 and 7mm capsule. Several studies of the interaction of lasers with cavi- 45 Ay and is proportional to Z. For very hot plasmas, hard x
simulations of these phenomena, there are several parfine- VFD"\ Target — T & Jet length have been heated from one side by uvgrl‘ ?\n%[he focal spots of the four beams from one quad operated at ties and their :\ss?_c:aled plasmas have been conducted over rays can be produced by the thermal electron distribution
ters of critical importance. They are the spatial dimensfpns, Package Direction 351nm (3) with a total intensity of 2 » 10 The tasgets wete flled with Latm of CO2 producing up lo the past decades.’ Parametric instability growth leading 1o frough bremsstrahlung or by free-bound transitions. In pre-
the characteristic velocitios, the total mass of materialfjand 7 mm long homogeneously heated plasmas withfflensities of ne — & x 10% cm™* and temperatures of 7= — 2keV. reflection of laser light by the plasma® can present a limit 1o yious laser-plasma experiments in indirect drive targets, the
the spatial mass distribution of the jet material. A The high energy in an NIF quad of beams of J6KJ, illuminating the target from one direction, creates unique the achievable radiation e in laserheatsd ot xray levels have been gomelated with Raman seatiered
An experiment was conducted to investigate jet foffma- , pg conditions for the study of laser—plasma interacons at scale lengths not previously accessible. The propagation hohlraums.” However, in this paper we focus on the effect of T 7

= Backlighter rav i . 3 laser light signals.” Often the spectrum had a harder, super-
fion in 2D and 3D shocked systems using the first fluad Diive through the large-scale plasma was measured wih a gated x-ray imager that was filtered for 3.5 keV x-rays. These hoblraum plusma Gilling on hot electron production that re- | e e e
(fourbeams) of the National Tgnition Facility (NIF) [1 “] Bucklighter Laser data indicate that the beams interact with the full length of this ignifion-scale plasma during the last ~ 1 ns of the s from the luser-hohlraum plasma interactions as evi- s:-alu::]r;\};?m thought to be produced by forward Raman

located at Lawrence Livermore National Laboratof). Laser Beam Beams experiment. During that time, the full aperture fileasurements of the stimulated Brillouin scattering and stimulated
1.5 ns, 6 KJ (2 X 3 kJ beams), 3& (351 nm waveler] ,[hj Raman scattering show scattering into the four fgeusing lenses of 3% for the smallest length (~2 mm), increasing to
. " 10-12% for ~7 mm. These results demonstrate fhe NIF experimental capabilities and further provide a benchmark

denced by hard x-ray photons. ‘This paper describes measurements of hot electrons pro-

1000 um diameter lsser pulse (4 X 1014 W/em?)ffvas  FIG. 1 (color). Schematic of a 2D target (a), a 3D tar Single-ended cylindrical hohiraums (“halfraum’™) Were  guced in laser heated cavities. The scaling with hoblraum

used to drive a 40 Mbar shock wave into aluminum

0031-9007/05 /94(9) /095005 (4)$23.00

—

fzets  and the radiographic configuration usad on NIF (¢) (not to

095005-1 i@ 2005 The American Physical S

Los Alamos

National Lab

for three-dimensional modelling of the laser—plafima interactions at ignition-size scale lengths.

PACS numbers: 5238.r, 52.25.-b, 52.35.-g

0029-551 504/120185+06530.00 @ 2004 IAEA. Vienna [ Printed in the UK

used in this study, as illustrated with a computer-generated
image in Fig. 1(a). The laser beams enter the halfraum along
its axis through a laser entrance hole (LEH) (bottom), strik-
ing the back wall (top), rapidly heating the Au producing
laser ablated plasma and x rays. The x rays in turn interact
with and heat the unilluminated walls, producing x-ray ab-
lated plasma and reemitied x rays. In contrast to laser-disk
experiments,” where the ablated plasma is free to e spend, the
hohlraum confines and accumulates the plasma.” As the
plasma moves into the path of the incident laser beam, hot
electrons (=10 keV) are produced by laser plasma instabili-

T atomic Weapons Establishment, Aldermaston, United Kingdom, ]

size and laser power and duration are presented. The fraction
of laser energy detected as hot electrons (Fy.) shows a cor-
relation with laser intensity and with an empirical hohlraum
plasma filling model. In addition, evidence of Au K-alpha
emission and Au K-shell reabsorption in some of the brems-
strahlung dominated specira is discussed.

Il. EXPERIMENTAL SETUP

The National Ignition Facility (NIF), currently under
construction,'? is a 192-beam laser system that is designed to
deliver up to 9.41J (3 TW) of laser energy (power) per
beam at 351 nm wavelength. The laser system will be used

1070-564X/2006/ JR0G270HT/$23.00 13, 0327081 2006 American Institate of Physics

University of Rochester, LLE

Atomic Weapons Establishment
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NIE FTo)EC The goal of NIC is
thermonuclear burn in
the laboratory with a
credible campaign
in 2010

= National
Ignition Campaign

National
User Facility

NIC is the bridge from
NIF to routine operations
of a highly flexible HED
science facility

2009—2030
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National Nuclear Security Administration
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Lawrence Livermore
National Laboratory
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NATIONAL IGNITION CAMPAIGN




NIF/NIC Schedule NIC

The National Ignition Campaign

FYO4 | FYOS | FY06 | FYO7 | FY08 | FY09 | FY10 | FY11 | FY12
NIE Operate and maintain facility and utility systems
NEL Operations & user experiments
‘ ‘ ] Routine|
NIF Activation ] | * Initial Ope]ratlons |-*~£ Ops
NIF Project Complete—I NIC Complete ——-r
Integration Diagnostic Integration |
| | |
| Cryogenic Target Integration |
I | |
| PEPS Integration |
Ignition Ignition Physics Optimization |
Experiments ! | | P R —
Integrated Ignition Experimentsﬂ PDD, Fl, 20|

NIF-0805-11232r11
16EIM/dj

01/21/07GBlcls



Aluminum Thermal Can : .
and Cocktail Hohlraum NIF Engineering

Prototype

Silicon Cooling Ring
and Thermal Package
Component

NIF-0107-13276
27LJA/sh




Ignition Plan has 35
distinct diagnostic
requirements




Low Yield

Diagnostics
NBIs backscatter (>10'2 DD neutrons)
FFLEX
Alignment sensor
(retracted)
Shroud puller I-ITC
' f NTOF
DD Yield
Target .
Positioner

FABS, outer
cone back-
scatter

VISAR, shock timing

Dante, x-ray drive

FABS, inner cone
backscatter

NIF-0506-12000
14EIM/dj



NIC High Yield

Magnetic Recoil Spectroscopy Diagnostics

(MRS), Tion and pr, 6 m (>10'"° DT neutrons)
(no vulnerable components)

Neutron Time
of Flight
Tion and pr, 20 m

10-20 keV core
imaging, 20 m

PROTEX,

y-ray bangtime, yield 20 m
o 20m Neutron imaging
A_ctwatlon, hot spot and fuel
y|3e(;d and pr, asymmetry, 40 m
~30 m

)

NIF-0506-12001
14EIM/dj



Multiple ARC radiographs at intervals ~20 —
80 ps with ~10 ps exposure times would produce pyp=
valuable time-history data (Phys. Rev. Lett. worthy) §\ S

The Nt:on”gnto Facility

ARC Radiographs (same gray scale at all times)

1p134 30keV transparency 1-0ps,
N N T R

0.40

0.2

|||||||||||||||

Multiple ARC images combined with reaction history and
primary neutron imaging provide detailed core diagnostics

NIF-0207-13378
16EIM/dj




Fast ignition, which separates the fuel J =
compression and ignition, will be tested on NIF NF

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

4 —

o 3 N
« The ignition laser generates hot electrons that propagate through to the dense

fuel and deposit their energy initiating a burn wave:

Electron generation Electron transport Electron deposition

0= O~ O
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Direct drive can achieve ignition conditions
while NIF is in the x-ray-drive configuration

UR
LLE
Standard pointing with Repointing for
x-ray-drive configuration polar direct drive (PDD) Saturn concept

23.5°

23 A
N . N I

3

Experimental and theoretical progress gives
increasing confidence in achieving PDD ignition.

F. J. Marshall FO26.2, S. Skupsky poster

TC6300d



Ultimately, yields well in excess of J =
100 MJ may be possible on NIF NN

Yields versus laser energy for NIF geometry hohlraums

300
Potential NIF performance at 200 eV
2w based on stored 1m energy
250
Expected NIF performance at
2w optimized conversion
200 — crystals and lenses 210 eV
= Band is
S uncertainty
g 150~ in hohlraum
[ performance
> Expected NIF 225 eV
performance at 3o ]
100 — A
50 |- 250 eV
Tr(eV) 270 av.. 2010-2011
o ,.‘T ...... . # tlexperlments |
00 1 2 3 4

Laser energy (MJ)

NIF-0107-13186
26JL/cld



Is NIF a precursor to an J =
Inertial Fusion Energy plant? Nps

The National Ignition Facility

NIF (2 MJ)

LIFE (20 MW)

Repetition frequency 10-4 Hz
Electrical efficiency 0.5%

Repetition frequency 5 Hz
Electrical efficiency 20%

NIF-0107-13290r1
27ES/mfm



We have performed a systems study
of a1 GWe IFE power plant

Assuming:
* ID Fast Ignition _
— G=200 @ 2MJ 0.5 pm
* Liquid 1st walls

10 MW DPSSL
— 2MJ, 5Hz,0.5 pm, 15-20% )

NIF-0607-13692.ppt NIF Town Hall Meeting, June 16, 2007 38



~ - 40 W/cm?
: « Scalable architecture
« 0.27 M shots to date

Up to 617 W achieved
0.27 Million shots to date
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Leveraging the NIF provides a near-term J =
pathway for fusion energy Nﬁ

4.

2025f

The National Ignition Facility

* |IFE Requires:
IFE — 20 MW laser power
— 20% efficiency

2020 — 24/7 operation

— Direct Drive Ignition

— Fast Ignition R&D

— Diode pumped NIF beam line
— IRE beam line demonstration

2010 NIF Ignition Campaign

2005 Mercury — 100 J/10Hz

2000 NIF Early Light

NIF-0205-10338
15EIM/tr



NIF Project

NIF
Master
Strategy

National

Ignition Campaign

National
User Facility

2009—2030

NIF-0506-12063r10_L1
20/geg




science vision

NIF can play a key role in international N;

-~ igh Eneray Density
PhVSIES LS L —

1
1
* NATIONAL RESEA%H COUNCIL
‘ ES

NRC commlttee on HEDP
X-Games of Contemporary Science

Connecting .«
uarks
with the Cm mOS

Eleven Science Questions r,r the Neu (ﬂ'ﬂurv

e 5 {‘ t .

MNATIOMAL RESEARCH COUNCIL
MIES

OF THE MATIOMAL AC

NRC committee on the
Physics of the Universe
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\ =
NIF’s Scientific Environments Nr

The National Ignition Facility

* These are the conditions of Extreme Laboratory Astrophysics
— T >108 K matter temperature
— p >103 g/cc density
— Those are both 7x what the Sun does!
Helium burning, stage 2 in stellar
evolution, occurs at 2x108 K!

» Core-collapse Supernovae, colliding
neutron stars, operate at ~102° n’s/cc
— NIF: p, = 10?6 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 EOS

in Jupiter & RAUEN o rtainly qualify as “unprecedented.”
—t Pressure > 101" bar

NIF-0607-13692.ppt NIF Town Hall Meeting, June 16, 2007 43
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Three university teams are starting to prepare
for NIF shots in unique regimes of HED physics

NF

The National Ignition Facility

Astrophysics -
hydrodynamics

Planetary
physics - EOS

Nonlinear optical
physics - LPI

Paul Drake, PI, U. of Mich.
David Arnett, U. of Arizona,
Adam Frank, U. of Rochester,
Tomek Plewa, U. of Chicago,
Todd Ditmire, U. Texas-Austin
LLNL hydrodynamics team

Raymond Jeanloz, PI,
UC Berkeley
Thomas Duffy, Princeton U.
Russell Hemley, Carnegie Inst.
Yogendra Gupta, Wash. State U.
Paul Loubeyre, U. Pierre & Marie
Curie, and CEA
LLNL EOS team

Christoph Niemann, PI,

UCLA NIF Professor
Chan Joshi, UCLA
Warren Mori, UCLA
Bedros Afeyan, Polymath
David Montgomery, LANL
Andrew Schmitt, NRL
LLNL LPI team

Ed Moses

NIF Nuclear Astrophysics Workshop, August 27, 2007
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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

High Neutron Flux
=103 cm?2 s
fluence=10%3cm-2

A working group has been formed including: LLNL (Schneider),
LBNL (Phair), UCB (Moretto), Univ. Notre Dame (Wischer),
Colorado School of Mines (Greife), GSI, University of Oslo
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NIF’s planning supports DOE’s goals for “civilian

research” and NNSA-SC partnering

I NEWSFOCUS

Ray Orbach Asks Science to Serve Society

For a decade, chemist Radaslay Adxie has exalored the basie structurs of
metal-slectrlyte interfares 21 Braokhaven Matianal Labaratory in Uptan,
Misw Yari Hit emaloyer, the LS, Department of Energy (DOE), kas lang
spansared fundamental wrience on catalysis tn such symtems in hapes of
making hydragen fuel eells efficient ernugh to aae day replace fasel fusls
as 20 pRergy souree, But i wasa't untl 2004 that Adsie decided o tacids
a respanch question with mare direct applications how tn use monalayers
of platinum to build cheaner fusl eells, facesing an hydragen.

1t wazn't a randam decision, The year befare, President Genrge W.
Bush had propesed an 8-pear, $1.2 billion hydrogen fueis pragram that

wouild hrgnn with apalied rnqmrrring studies. After attending a DOE-
AT T T TEREEATEh ne 10 fum Rydr-

-

Orbach knows that change doesn’t come easily for areas, such as
nuclear weapons development, that have traditionally been walled off
from civilian research. In initial meetings with applied-research mg}ﬁ;
agers, he - admits, “ |

R fmi};'a%fmi
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Los Alamas Natinnal Laaratany {7 New Mexien,

Annther harrier o develaping aew techanlagies, says Badman,
DOE" current compartmentalized bureaucraey. in july, he sent out a
mema giving Orhach “detailed sceees” ta DOE's vast empére, haping that
requiar meetngs amnang disaarate aragrams will reak theawgh that men-
tality. 1t's nnot 2 aew eoacept, Orhack saye, but “what's new b4 the intensity
and impartance” of those meeHngt.

Mansy greases the wheels of enaperation. In addition ta the hydro-
gen indthative 2nd a similar effort in salar energy, Orhach has called for
$250 millian far biefuel stad-ups imvalving industdal seinntists, toch-
nalagists, and genambcists [Science, 11 August, p. 746). Sharlenn
‘Weatherwax, 2 DOE program manages, s2yt a previous partaership with
DIOE's technal ragram minht have ennsisted of a skngle grant.

Orbach knaws that change dosin't come pasily far aroas, such 22
nuelear weanaas doveloament, that have traditionally been walled off
fram tivtlian respareh. In inflial mestings with applied-research man-
2gers, he admits, “peaple don't quite kaow what to make of we ™ But
Edward Moses, direetor of the National lgnition Faeility, a supedaser at
Lawrenee Livermore Mational Laboratary in Caltfarnda, says Orbach 1
helping him grow a civilfan msearch cammunily ta itz an instrument

desigaed tn mainkain the aatan's auclear arienal

Teammates, Ray Oibach Qi)
hioxpes reseanchers can belp hig
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better fulfill snergy aoods. A 1997 ropart by the Presideat’s Council of
Advisars e Seience and Technalogy. far examale, called for “hetter eaar-
dination” betaeen basic and applied energy research. “Everyane knows
it's 2 problem, but natiring's happened,” says physicist George Crabtnee,
a manages 2t DOE's Angannn National Labharatory in iinais

Dne shetazle B the curnent rewards syster in academtia, Take the -
ence behind supereonductivity, which halds the praese of low-resistance
power lines or incredisly efficiont trantformers, The dad of discavery that
parns 2 seienbist a paper in a tea journal—learning why a material
changes phate at 2 certain temporsiure—is oo thearetical to help 3 dom-
pany frying tn make supertoaducling matedals, But 3 commereially walu-
able yet tneremental improvesent in that techanlegy wouldn'™ interest
thoss bap-tinr jaurnals, Sa 2 scientist might nat even batherte reeord such
an advance, "M the currency it just PRL [Pbysics Review Lerfers], Nalure,
and Science, you'll just move on,” says materials sclentist John Sarrao of

29 SEPTEMBER 200e  VOL 313
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suppoet enterarise for the 2pplicd programs.” says energy prpert Boben
Fr. a farmer Enviranmental Profection Agency afficial wha heliewes
unfetiered hase wark ran “eonk up” whale new enengy idess. Materials
sefentict Ward Plummer of the Liniversity of Tennessee, Knanville, decries
2205, decline in funding care. untolieited research within DOE's Office
of Basic Enprgy Seiences in the last 3 years af the same tme that alar
energy, ranntechanlagy. and hydragoen programs have grown.

Plummer and athers hope that DOE's new effort to define so-called
arand challenges will stap that eresion. And althowgh Orback says he has
nn plans ta “fhues the boundaries™ between basic and saplied work, he 1
Inaking far greater coaperatian between the twn camas. A rocent discus-
sinn with managers Sudying how flutds flow in dry eail a8 DOE" alanasd
nueclnas waste fupl repnsitary a8 Yurea Mountain, Nevada, praves tbs value,
fe saye. "When we met with Fasell Enemy and [parned mare shaut carken
dinide sequestration,” Orbach reealls, "R suddenly peoped out that that's
the same problesm,”

‘Whateusr happens, Orbach says DOE i defermined to squeeze mom
Ampact ot of 8 sefonce. That's goad news far Adsie, wha relishes taking an
challenges “directly impartant ta society.” H's also a gaod deal far scadem-
425, "I yau publish something reievant” ta a prablom, sayeAdsie, “your paper
s mane [ofien] cied.” -ELI KINTISCH

SCIENCE  www scicncemag.arg
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*Washington State

# Oregon State

U Utah
UC - Davis *unv - Reno

Qe
Cﬁ UC - Berkeley

*Stanford UNV - Las Vegas

‘*Caltech

UCLA

San Diego Slgeé UC - San Diego

*ASCI Centers
*SSAA Centers

*Other Science Campaign Program

* Omega Laser
¢ Research Grants
O National Laser User Facility
HEDP activities ltalicized

NIF-1105-11549r1
15EIM/paa

U.S.
Academic
Alliance

U Rochester 9 miT

U of Michigan * ®RPl  gvale

U Chicago 8 Cornell
U of Wisconsin Rutgers

*: @ Ohio State

& Ohio U t Carnegie Inst

U of lllinois of

@ Colorado State Washington

@ U of Colorado - Boulder & Duke

€ NC State
@ U of Tennessee

@ U of Alabama

*U of Texas - Austin ¢ Florida State

“The NIF will be a unique center of R&D that
will assure the U.S. will achieve goals of SSP
and HEDP not possible with any other facility”
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NIF will be an integral member of
the HED community
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Our goal: turn NIF into the premier international py =
center for HED experimental science NN

The National Ignition Facility

Chandra X-ray Observatory
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NIF Project

NIF is a
National User
Facility

= National
- Ignition Campaign

National
User Facility

2006—2012

« A “Governance Model” is
under development

* User friendly environment is
being designed

2009—2030

NIF-0506-12063r10L3
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NIF: Visions of yesterday become reality of today Nﬁ

The National Ignition Facility

1960’s—-Invention of Laser 2010-Goal of Ignition

Ignition by 2010
Golden Anniversary of the Invention of the Laser
and the ICF Concept

NIF-0506-12026
A7EIM/d]



The National Ignition Facility

Limitless Clean Energy
Eye on the Cosmos
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fusion energy

There are two major possibilities for N%
N

The National Ignition Facility

Magnetic Fusion Energy (1951)

DOE Office of Science

Inertial Fusion Energy (1960)

DOE NNSA

Challenges include making it safe, reliable, and cost effective

NIF-0507-13550
1101EIM/mfm



National Ignition Facmty
ThreeYears to a NEWA@ for Saence

NIF-0506-12107_NSF 09/13/06
OTEIM/tr ElM/cls



\ =
NIF provides unique environment for science Nf

The National Ignition Facility

Log n(H)(/m?3)
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