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The US Inertial Fusion Program has N IN\=%

3 principal components

The first ignition experiment on the National Ignition Facility in 2010
Pulsed Power fusion experiments with the goal of high yield

High energy density experiments related to the “Fast Ignition” concept for
ICF



NNSA has a vigorous program of ,,,.,'Dg;

Activity in ICF MMAS

« The next 10 years will offer major new opportunities for inertial fusion and

high energy density physics

* NIF 81% complete, first ignition experiments planned for 2010

Ignition confidence increasing (direct and indirect drive)
Strong progress in pulsed power fusion- fuel and symmetry conditions
Petawatt lasers open new programmatic and scientific opportunities
Important new scientific capabilities coming in FY2007- OMEGA EP,
refurbished Z, Z-Beamlet PW

 High energy density physics is recognized as an important and emerging
scientific field
* NAS, OSTP reports
 Interagency working group

* University activities continue to play an important role
* Recent SSAA solicitation- awards nearly complete
» User group for high energy density physics (HEDSUP)



The National Ignition Facility IS m sy
I A
85 % complete —

g

' _T“H*--‘-- =
L | r;m,ﬁ w |

[ | i T
T E-—_ R

NIF-1201-04097_MOD2.eps

NIF concentrates 1.8 Mega Joules of energy into a mms
size target through the use of advanced laser technology
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1st Bundle N:
Operated at \' Y 1,600 of 6200 LRUs
152 kJ N ITION Installed on schedule
(required 125 kJ)

A




: D
NIF has executed over 400 experiments ///l\!.A' y s,\,,

Hydrodynamic experiment: (FY 2004) Radiograph of 2-D feature

« Challenges our 2- and 3-D code F———OS mm——>»
capabilities Jet ‘
t ———>

* Demonstrates our ability to do
complex experiments on NIF

« Uses sophisticated target,
diagnostic, and laser alignment
providing great accuracy and
reproducibility

Full single beam performance \g
has been demonstrated

NIF-0204-08009 P6641
03EIM/dj



Cryogenic System Target Fabrlcatlon

NIF-1105-11560
15EIM/cds




The “phase space” over which NIF targets ///-uy
. /NI A w
are expected to ignite has expanded

300 eV design:
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Be is also about 2x more tolerant to ice roughness




g% The revised NIF Project baseline completes in CVA f=a3)
A /a ,
Q2FY2009 and supports Ignition 2010 O

FYO1 FY02 FY03 FY04 FY05 FY06 FY07 FY08 FY09 FY10
Level 0
CD4 Approval to
Begin Operations
Lovel A A A
eve End Conventional Construction BIS Complete | Complete LB1 | Submit Final |Submit Readiness
Laser Light MPR| Safety Basis | Assessment
i i Document | Documentation
| A I A -
Level 2 Target Chamber Positioned Laser Glass Melting Complete
Deliver LB Automated Bundle Shot Controls
Control Room Turnover | |
& Deliver 80 kJ to Switchyard Calorimeters (single bundle)
LB2 Ready for Transporter |
| Deliver LB Multi-Bundle Controls
|
PCS Installation Begins Complete Single Bundle Performance
Qualification in PDS
A |
LB2, CL3 Beampath Installed 2\ Deliver One Cluster Integrated Conltrols
AFirst Cluster - Energy to Switchyard
1st LB2 Flashlamp Installed Calorimeters
ASec&nd Cluster - Energy to
OABO s Switchyard Calorimeters
persion Complete LB LRU
A | Installations
TARPOS Installed Aoommele Performance
Qualification of a Single
Bundle at TCC
1st Light TCC |
Z/\ DOE Milestone Commitment Date Complete Operational
/\ Qualification of
A\ Ccompleted Milestones 1st 1 Light (10kJ) 96 Beams (Two
] Clusters at TCC)
|
A Complete Installation
SY2 Beampath Ready for Commissioning /\ Qualification of
all LRUs (192 beams)

NIF-0402-04478_r12.ai
052605/cc
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A national ignition plan has been
signed by the sites and NNSA

National Ignition Campaign
Execution Plan

June 2005

I VA [ =37
WIVA' 3’%1

National Nuclear Security Administration

FYos | Fvos | Fvor | Fves | Fvee | Fvio | FYii
Level 0 National lgniilon campaign Begin first integrated ignition experiments A
Level 1 National Ignition Campaign Roady for 1 MJ operations 2\
Begin FY10 target performance experiments /3
Ready for 1.8 MJ operations A,
Level 2 National Comploto hazardous materials MPR A
Ignition Campaign Completa tritium/neutren production MPR A
Complete first ignition experiments MPR /A
Syslems A\ Faellity requirements for FY10 ignition experiments under CM
Enginaering Complete laser parformance and facility impacts review A
Complete LFOM power balance calibration £
Ta rg et APiace ignition point design under CM
Physics A\ Begin hahi i iments with hed beams on OMEGA
2\ Specily laser irradiance requirements
2\ Complete Title 1| design review for FY10 ignition target
4 Validate convergent shock timing on OMEGA
Complete FY10 target per axpariments A
FYos | FY06 FYo7 FYos Fros Frio FYi1
Level 2 Integrated /Complate eryogenic Titke | design
Target Syst A scientific protot
£ D ientific prototype with fill tubes

£ Complete eryogenic Title Il design
£uDemonstrate engineering prototype ignition target

N ate prototype target
SQuality eryogenic tanget production
£\ Complete 1Q of cryogenic sys*

Diagnostics £ Place ignition diagnostics requirements under CM
iy P Initial target | inath i iag!
Complete full target imath ization diag i
Complete diag ics for FY10 target il 155
ignition i ion diagnestics £

User Optics A Begin PS crystal grawth
£\ Begin CPP imprinting
£\ Begin DDS production
A Comp. user optics for FY10 exps.

Personnel and
Environmental
Protection Systems

£iComplete PEPS Title | design
£yComplete PEPS Title Il design
Complete PEPS 10 for tritium operations*£y
Complete PEPS 1Q for first ignition experiments® 2

£ DOE Milestone Commitment Date
i i ion (1Q): Sy are installed, aligned, and under computer control (if required).
Some titles have been abbreviated for this chart, f tles are contained in Appendix E le E-1.
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(Vacuum)



TCEe20

Direct drive (uniform and “polar”) is also  jm s.y.eaug

a
being developed for NIF A LN

Standard PDD Saturn?

NIF x-ray drive beams Equatorial ring plasma
are re-pointed towards equator. deflects oblique rays onto equator.

PDD target performance is being validated on OMEGA.

1S, Skupsky et al., Phys. Plasmas 11, 2763 (2004).
2R. S. Craxton et al., Phys. Plasmas to be published (2005).
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The plan for use of NIF calls for firstignition  fAF.V L2

experiments in FY2010

FYO4 | FYO5 | FY0O6 | FYO7 | FY08 | FY09 | FY10 | FY11 | FY12
NIF Operate and maintain facility and utility systems
NEL Operations & user experiments 1.8 MJ (MegaJoule)
(NIF Early F_ight) | | ‘ \
NIF Activation \ Operations /\
| |
Project COrnpleté/ 1 MJ (MegaJdoule)
Integration Dlagnostic Integration Personnel & Env'l'r]onmental
Protection Systems
Cryogenic Target Integration Integriation
PEPS Integration
Operatlons Ignition Physics Optimization |
| [ | s S— e
Integrated Ignition Experiments |_ __________
|
HEDP* Experiments
|
Basic Science Experiments
| I I |

* Weapons physics experiments in support of Stockpile Stewardship

NIF-0505-10826r5
04BM/cc
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OMEGA continues to be the principal ,
experimental laser facility in the AT\=Y2)
United States (World)
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next to the existing OMEGA facility

The OMEGA EP laser beams will be located ///A'yc-@g.;

OMEGA target
./ chamber

Compression
chamber

Short-pulse Short-pulse Short-pulse
performance Beam 1 Beam 2
Short pulse (IR) 1 to 100 ps 35 to 100 ps
IR energy
on-target (kJ) 2.6 2.6
Intensity (W/cm?) 6 x 1020 ~4x1018
Focusing > 80% in 20 um |> 80% in 40 um

G5546q

OMEGA EP
target
chamber

Main
amplifiers

Booster
amplifiers

OMEGA EP
Laser Bay
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ZR and Z Beamlet- petawatt are
Important additions to program capability

7 N " e
U] A'/a“é’é

 The ZR project is upgrading the
performance of Z
— 18 MA to 26 MA
— 2x increase in diagnostic access
— 2x shot rate capability

 The Z-Petawatt project is upgrading the
capability of Z-Beamlet

— 2TWto 1 PW

— backlighter hv 9 - 25 keV

— integrated Fl experiments on ZR

« The ZR and Z-Petawatt facilities will begin operations in 2007.

Sandia
P | Nationa
Laboratories

18




High resolution x-ray backlighting is an T YA T aY<
; y pactigiing INNYSE

Important new diagnostic now in routine use on Z -

3.2 mm dia. capsule radiograph
(C,=1.7)

X-ray backlighting using a bent
crystal imaging detector system

Spherical Crystal

Rowiand circle

7
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Recent National Academy of Sciences
reports have stressed importance of high  jF\ V¥4
energy density physics ‘

Security Admini

 “Frontiers in High Energy Density Physics” (R. Davidson et al.)

“..research opportunities in this crosscutting area of
physics are of the highest intellectual caliber and are
fully deserving of the consideration of support by the
leading funding agencies of the physical sciences.”

nergy Uensiy
P e

 “Connecting Quarks with the Cosmos: Eleven Science
Questions for the New Century” (M. Turner et al.)

Connecting

ngg;;w 4 “ Discern the physical principles that govern extreme
A astrophysical environments through the laboratory
P8 study of high enerqgy density physics. The Committee

¥ -"_

recommends that the agencies cooperate in bringing
together the different scientific communities that can
foster this rapidly developing field.”

20



Interagency Working Group on the Physics //f"v" %‘x

of the Universe (osTp, DOE/SC, DOE/NNSA, NSF, NASA) sty #

“HEDP is an emerging field that
provides crucial measurements
that are relevant to interpreting — A
astrophysical observations of THE PHYSICS OF THE UNIVERSE
the universe. The field has

= IMTERSEC T

great promise that should be PHYSICS AND ASTRONOMY
better coordinated across the 0

various Federal agencies to
capitalize on the emerging
opportunities.”

21



Interagency group cha‘r‘tered a teflm NYSE,
to develop an HEDP “roadmap

lear Security Admini:

FRONTIERS FOR DISCOVERY IN

HIGH ENERGY DENSITY PHYSICS

Prepared for

Office of Science and Technology Policy
National Science and Technology Council
Interagency Working Group on the

Physics of the Universe

Prepared by

National Task Force

on High Energy Density Physics

July 20, 2004
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Academic Alliances INYS%

National Nuclear Security Administration

U Rocheste

higan Cd

Rutgers U
Inceton

egie Inst
ashington

mond

San Diego State

*ASCI Centers

* SSAA Centers
* Other Science Campaign Prog

* Omega Laser

€ SSAA Research Grants

O National Laser User Facility

HEDP activities italicized 23
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Conclusions N A

« The next 10 years will offer major new opportunities for inertial fusion and
hlgh energy density physics

NIF 81% complete, first ignition experiments planned for 2010

* Increased confidence in ignition (direct and indirect drive)

» Strong progress in pulsed power fusion- fuel and symmetry conditions

» Petawatt lasers open new programmatic and scientific opportunities

» Important new scientific capabilities coming in FY2007- OMEGA EP,
refurbished Z, Z-Beamlet PW |

 High energy density physics is recognized as an important and emerging
scientific field
* NAS, OSTP reports
 Interagency working group

* University activities continue to play an important role

* Recent SSAA solicitation- awards nearly complete
» User group for high energy density physics (HEDSUP)
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