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NIF is the culmination of a long
line of glass laser systems
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trates aII 192 laser beaT energy“
1dium-sized facilit i‘h3

Matter
Temperature >108 K

- Radiation
_ Temperature >3.5x 10° K

Densities  >103 g/cm3
Pressures >1011 atm
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NIF missions

Ensuring Global Stability
& Global Security

Advancing
Frontier Science

Enabling
Clean Energy
Building Future
Generations of
HED Scientists
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NIF is operational, conductmg experiments and
acquiring great data
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FY2010 NIF National Security planned experiments

SSP/NIC - SSP/HED - EOS SSP/HED - complete
Commence layered target measurements of radiation transport
experiments Tato 5 M Bar experiments

\ V x-ray ﬂl-Jx
R 0

vs time

. Global security/
Pleiades nuclear forensics
- height of burst studies

> Los Alamos
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We are developing academic users and need to continue
growing this community

Astro/Nuclear Physics Ultra-Dense Matter Burning Plasmas

F',

Steve Rose, Imperial College

George Fuller, UC San Diego
Carl Brune, Ohio State

LPI and Ultra-Intense
Light Sources

Paul Drake, Univ. of Michigan Nat Fisch, Princeton
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Since last year’s FPA meeting...

NIF completed, 192 beams operational, dedicated and made
operational with over 175 systems shots showing both
energetic capability of the facility and its precision

NIC experiments at NIF have begun
— Symmetry control, control over laser plasma interactions
In a variety of warm and cryogenic target configurations
— Now preparing for scale implosion experiments

First radiation transport milestones completed, now ongoing

First low energy x-ray effects and first university experiments
conducted










NIF Laser Operationally Qualified
to 1 MJ on March 10, 2009
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NIF Master Strategy

National
Ignition Campaign

National
User Facility
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NATIONAL IGNITION CAMPAIGN

NIF-1008-15475r2
Moses, Fusion Power Associates
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National Ignition Campaign goals

Begin ignition experiments Demonstrate a reliable and
starting in FY2010 repeatable ignition platform

Layered implosion, THD or DT

Diagnostic
holes

Transition NIF from project completion to routine
facility operation by end of FY2012
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NIF will access density and temperature conditions
required for ignition
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Implosions 7~
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NIC is organized into integrated
product teams (IPTs)

Laser Drive

" Commission layered
target implosions
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Ignition Point Design

Laser beams

Ablator
(Be/Cu or
Ge/CH)

DT Ice

: DT gas fill
Capsule ——— 9

N A\ ———Hohlraum wall:

CH/Ge) N\ — U or U-Au mixture

Hohlraum fill
— Low pressure He/H

Laser Entrance Hole (LEH) with window
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Capsule implosions in cryogenic gas-filled
hohlraums have shown good symmetry at 270 eV

Wednesday, Sept. 2 Thursday, Sept. 3

u-"‘wﬁﬁt-“’-w .
\%if. \ "’ | : ;
\\-ﬁ__\,,-/ipf -
' « Initial capsule

15t cryo implosion diameter: 1.8 mm

- e Emitting region 33x
Friday, Sept. 4 smaller than capsule
diameter

» Consistent with 10-15
mass compression

« Very symmetric
implosion P2 ~7%

4th cryo implosion
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Implosion symmetry has been achieved by tuning the
wavelength of the outer cone

A two-color tuning allowed us to bring an initially “pancake”
implosion to round without changing the laser cone fraction

P2/P0 =-0.5, | P2/PO = -o.o |
P4/P0=0.3 i " /LASNEX * P4;P0 =-0.03

o scaling

This change in symmetry has been predicted by LASNEX calculations
that include crossed beam transfer in the laser entrance hole area

NIF-110BdZ90dh = NIF-0909-17258s1
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BULLETIN

ve AMERICAN PHYSICAL SOCIETY

515! Annual Meeting of the Division of Plasma Physics

November 2—-6, 2009
Atlanta, Georgia

November 2009 S
Volume 54, No. 15 physics
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e Yield
« Bang-time =
« Core Temp /" e
« Downscattered

e
h neutrons a— =
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The NIC goal is to develop a robust burning
plasma platform by the end of 2012

0.5-1MJ ops 1-1.5MJops 1-1.8 MJops 1-1.8 MJops

Hohlraum W Drive Temperature T _,
Tuning 7% Capsule Tuning Integration
- THD THD Layered Implosion Integration

CH/Au
Integration

Installation of
personnel protection system ‘ Demonstration of Integrated Implosion

Point Design Tuning Capsule Tuning
Campaign THD = THD Layered Implosions
Be or CH 26\;{,‘& 1** DT Implosion Tuning

Hohlraum Enhanced Coupling

Increase Ignition and surrogacy

Threshold Factor
FY11 diagnostics,
alternate ablators

Tuning
Layered
%@ﬂi DT Ignition Implosions
THD
%@fﬁ DT Implosions
Enhanced ———
Design & Layered Tgts
Diagnostics DT Ignition Platform 7%
J
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Ultimately, yields well in excess of
100 MJ may be possible on NIF

Yields versus laser energy for NIF geometry hohlraums

300
Potential NIF performance at 2w 200 eV
based on stored 1w energy
250
Expected NIF performance at 2w
with optimized conversion
200 | crystals and lenses N
\
= Band is
= uncertainty
5 150~ in hohlraum
°© Expected NIF performance
P~ performance at 3w
100 —
50 — 250 eV
Tr(eV) 270V 2010-2011
. S00/eV: 3 _experiments |
0 1 2 3 4

Laser energy (MJ)




Achieving ignition on NIF can be a defining
moment for the world’s energy future

f — .
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Clean energy:

! qubal Factors :
- Population increase
- Developing countriés$
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 Resource depletion’
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s Climate change  *

~




LIFE Roadmap

2010 NIF Ignition
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LIFE is a credible extension of NIF, ignition on NIF,
and ongoing developments in the nuclear industry

 NIF-like fusion
performance

e NIF-based lasers

« Mass produced
NIF-like targets

- Target injection and
engagement

e Fusion environment

— Protecting
first wall

— Laser beam
propagation

21EIM/cld = NIF-1009-17595s1 L1




Advanced lasers and modular systems make the
facility compact and enable rapid construction and
maintenance ~ ,

e Modular (advanced
architecture) lasers
that could be
factory built

 Separate first wall
& blanket modules
for rapid &
independent
replacement
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LIFE - a Laser Inertial Fusion Engine provides a point
source of 14 MeV neutrons for a variety of fusion-based
energy missions

1.0-4.0 MJ laser
—1 .»@10-15Hz

Blanket to
provide energy
specific missions

- I ‘ e = 7 ’
N e IS 102014

\ B B\ MeVnisec

7 ONSeNN X

% )

Hot Spot ICF
Targets

@ ~10-15Hz

ICF Gain 15-70 provides
150-1750 MW fusion
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Different LIFE blankets provide
unique energy systems

1.0-4.0 MJ laser

—, .@10-15Hz

> «--\\

NI T><t [

Hot Spot ICF
Targets
@ ~10-15 Hz
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~ +Coolant with U, DU or TH

- '{— 8 x
102014
MeV n/sec

ICF Gain 15-70 provides
150-1750 MW fusion

Moses, Fusion Power Associates

LIFE blankets options

e Li-based salt to make
electricity and produce T
for other LIFE-based
missions (pure fusion-
base case)

pebbles for Once-Through
Closed Energy Production
(>99% burn-up)

« Coolant with fertile or
fissile pebbles for Once-
Through Closed Waste
Burning (> 99% burn-up)

— SNF
— WG - Pu, HEU




LIFE systems face several scientific and
technological challenges

Target production at 15 Hz @ ~ 30¢ each Target injection and tracking

Manage fusion
environment: final
optics, 15t wall,
chamber clearing

Low cost 1-1.5 MJ,
10-15 Hz 10-15% laser

Robust Hot Spot yield
W/LIFE-relevant targets

99% burn-up of fuel
without re-fabrication
or reprocessing

16JFL/cls - NIF-0909-17260




Tom D’Agostino at “NIF was built to improve our
understanding of the impact

the White House of aging on our nuclear
Sept 10, 2009 === “*m  Weapons stockpile by

e iationallNuclear security Adm - Fecreating the fusion reaction
_ N WAL i
A that occurs in a nuclear
ZEEE explosion. It is also bringing
us closer to unlocking
the potential for clean,

unlimited fusion power.”

NNSA Administrator Participates in White House Briefing on Climate Ch
Security

— NNSA Administrator
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DOE has announced the National Academy of
Science study of fusion energy future

Steven Chu

“The National Ignition Facility is a
marvel, and while the Laboratory
will achieve ignition, we need to
think about what we should be
doing in a year or two from today."

“ Steve Koonin is already heading
up an effort at DOE for inertial
fusion energy R&D planning. DOE
should assume ignition success in
that planning, and not wait for NIF
ignition to start such planning.”

- Stephen Chu U.S. Secretary of Energy LLNL all hands
October 26, 2009




NIF missions

Ensuring Global Stability
& Global Security

Advancing
Frontier Science

Enabling
Clean Energy
Building Future
Generations of
HED Scientists
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NIF will provide a unique experimental platform
for multiple missions

| I —

Operate and maintain faC|I|ty and utlllty systems
| | | | | | |
NIF Activation *F Initial Operations | *“ *F

|
NIF Project Complete ‘ NIC Complete —/T Advanced Capability

| | | | l

NIC and Ignition Physics Optimization
Ignition L | .
Appli cations Integrated Ignition Experiments *“ *L *“
[ l NIC complete \ Burn data

Stockpile *g %’& I* *L | *

Stewardship Radiation Jfadiation High-Z High-Z clty data

Op
transport  transport Materials Materials \—Plelades jiata
datal ~  data2 = datal  data2 y= Comqlex hydro dqta

Other. National *k *& Ongoing Program
Security Radiafion effects " L4clear forensic

Fundamental ‘

Science I5Ianetary interiors
’ hydrodynamics

*k ' Ongoing Program
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NIF is operational, conductmg experiments and
acquiring great data
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NIF-1109-17901
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