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NIF Master Strategy

NIF Project

National
Ignition Campaign

National
User Facility

1997 — 2009
A continuing work
In progress
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2006 - 2012
A continuing work
in progress

2009 - 2030
The next major thrust
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Story of ICF Program, NIF, and Ignition

Halite/Centurion
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NIC Experiments
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n-sized aci |tx into a mm3

~ Matter
@ Temperature >108 K

- Radiation
~ Temperature >3.5x 106 K

Densities  >103 g/cm3
Pressures >1011 atm
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The laser energy and power
available for experiments have
been steadily increasing

NIF operational capabilities — laser energy/power

 NIF laser is steadily increasing
the laser energy and power

 NIF Laser is operating 24/7 with
exceptional reproducibility and A
reliability (99%) 500 1

4o0 [
: 2010 /
®

i 0'
- [ 2009 '0

_ °® /
200 _ .i

 Currently supporting the NIC at
1.4to0 1.8 MJ

« We have achieved the 1.8 MJ
milestone and a power of 522 TW
in a NIC-relevant pulse format

« The NIF has intrinsic capability to
continue on this growth path for

several more years 100

3w Power at Target (TW)

* Ngva, pMIIEGA'

o
0.0 0.5 1.0 e 2.0

3w Energy at Target (MJ)
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NIF

NIF is much more than the laser

User Optics | i i | SE & Target Physics

Hole

Target Fabrication
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NIC has put in place the capabilities required for a
broad range of ignition and other experiments

Laser Dlagnostlcs Targets Simulation
= s 'l E . - —
2 $ 77 //u.‘.‘l u\\\\\\ ' L -
f' \\\\\ = —
= o EA ., — e
Wide varlety of Over 50 photon Spherical, planar, Experlmental
pulse shapes, and particle machined design via target
peak intensities, diagnostics w/ perturbations, and laser
w/ better than 2% high spatial, exotic materials,.. simulation tools
reproducibility temporal,
and precision spectral
resolution

NIF is the world’s leading facility for
research in high energy density science
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All systems required to field and diagnose a -
cryogenic ignition target on NIF are operational, with M

37 layered implosions executed
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57 target diagnostics enable cutting
edge science on the NIF

Number of target diagnostics
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National Ignition Campaign Goals

Transition to a User Facility Develop an ignition platform
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National Ignition Campaign: How did we do?

Transition to a User Facility Develop an ignition platform

NIF is the preeminent _
HED Science Facility
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National Ignition Campaign: How did we do?

Transition to a User Facility Develop an ignition platform

\ NIF is the preeminent [ Making significant progress

HED Scnence Facility
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From NNSA Defense Programs Stockpile Stewardship Quarterly (Volume 2,
Number 3, Nov. 2012):

“A similar multi-disciplinary, multi-organizational effort has led to
tremendous progress on the path to ignition. Although our longstanding
goal and milestone for ignition by 2012 was not accomplished, we are
much, much closer to achieving that goal than we ever have been. The
exciting news is that the remaining challenges appear at the heart of the
physics of implosions—resonant with the work we must do in stewardship.

We remain committed to achieving ignition, and the community has
developed a path forward. | want to personally thank the community for
their efforts, both in bringing us to this point and in laying out the next
programmatic efforts.”

Dr. Christopher J. Deeney

NNSA Assistant Deputy Administrator

for Stockpile Stewardship
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_NIF
The NIF laser is routinely delivering shots with energy-
and power that meet user requirements

Time history of 3w target shots from 2009 through September 2012
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Type Specific Purpose Cryo |Layer| Warm | Total

Shot History on NIF (Nov. 1, 2008 — Nov. 29, 2012)*

Target shots —

Program Data SSP — ICF** 157 42 35 234
(354 = 32%) SSP - HEDSS 16 79 95
Nat’l| Security Applications 14 14
Fundamental Science 11 11
ggf&ﬁ}ﬂgf - E?Jrr%?;izls?ggionsgt;é;ibration 102 | 102
(147 = 14%) System Qualification 45 45
I(;ﬁijer shots gﬁﬂﬁﬁizﬁfﬁojmaﬂce/ 139 139
(595 = 54%) Laser Performance 208 208
Laser Calibration 248 248
Total 157 58 875 1096

* No ICCS or Faux shots counted
** Includes NIC shots
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_NIF
NIF has supported non-ignition users, opening hew -
physics regimes with unprecedented precision

Time history of 3w target shots from 2009 through September 2012
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NIF laser, diagnostics, targets and operations
infrastructure have enabled incredible progress in NIC

Time history of 3w target shots from 2009 through September 2012

| —=

Ignition Experiment
Commissioning
- 15t THD 09-29-10
- Shock timing
- Storm windows

Begin optimization
- 3\ HS shape tuning

- DU hohiraum

- Mirrored keyhole
- Yield incr. to 9e14

N /7 \

FMR/System
requal.
Cold fuel

shape diag.
commissioning

h
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c
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¥ o ¥
Energetics
- Trad ~290 eV
- Coupling >85% =
- AA tuning
- Cryo targets
Ignition Preparation
- THD/DT positioner
- PEPS
- ' nuclear diagnostics

- Vel ~ 15% low

1%t THD/DT Campaign
- DSR incr. to ~4.5%

- Hot spot P2 ~ -25%

- “No coast” 4" rise
- DSR incr. to ~8.5%
- ldentified “mix cliff”

- Low mode cold fuel
asymmetry

| Increase DSR/Pressure
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To achieve ignition we have to assemble a hot spot
surrounded by cold fuel

"PdV" ~ Pv
A

DT hot
spot

o1 1 HO[0) e ] o]
~5keV

Dense DT

N\ \\ ////.,
shell \/
~ 1000 g/cc

~100ev >
~ 100 pm

Pressure ~350 Gbr
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We are making good progress towards understanding ignition -

target performance on the NIF

 The NIF laser and targets have met the highly demanding specifications
for accuracy and control set by the point design (Rev5)

 We have developed capabilities to field cryogenic experiments including
DT layered implosions and have in place diagnhostics to measure many
aspect of target performance with the required accuracy — but not all

 The highest observed yields and areal densities to date in DT layered
implosions are ~2.5kJ (~ 10> neutrons) and ~1.3 g/cm? respectively

* Nuclear yields are ~ 3-10X from alpha dominated regime - hotspot
densities, pressures ~ 2-3X lower than needed, and predicted

e It is likely 3D hydrodynamics due to long wavelength X-ray drive
asymmetry, and hydrodynamic mix are larger than predicted and major
contributors to performance deficit

ldentifying the reasons for the deficit in performance / pressure and
developing mitigation strategies is a key element of the go-forward
experimental plan
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Path to ignition - Working Groups

Build a laser

/Hydro
- i

Commission layered
target implosions

SAZEmfm » 2012-045416a1 L1



The ignition point design has a graded doped CH
capsule in a Au/DU hohlraum

as e . Laser Beams
20 Y (24 quads each end, 2

Cryo- rings on the hohlraum

cooling

Ring ~. \

Hohlraum Fill
He at 0.7 mg/
cm3

Capsule
fill tube

Hohlraum Wall: _
Au / Au-lined U Si-doped
layers

(2-4% peak)
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NIC in 6 steps

FY2009 FY2010 FY2011 FY2012

o[n[D|J[F[m[A[m[J[J|A[s|o[N[D[J[F[m[A[M[J][J[A[s|O|N[D[J[F[m[Am[J|JAls] | | [ [ [ [ [ || ]]

| Complete NIF project
|

[ |Energetics preparation
|
I | Energetics/LPI1/A2 300 eV hohlraum

Ignition preparation/Layering capability LEH frost/Platform commissioning

Adiabat/Shock timing [ ]
Increase DSR ~4.5%/pR ~0.9 g/cm?

|
Velocity/CH:Si/DU/5.75 holraum/HS shape/).3 | |

Vel ~350 km/s, hot spot shape ~NIC spec
|

Pressure/extended pulse/increased mix [ |
Increase DSR ~6.5%/pR ~1.3 g/cm?
Increase pressure to ~150 Gbar
|

System Qual/Layer P1 |
Cold fuel shape Preparation
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Point design sets requirements on implosion properties

to achieve the stagnated fuel conditions for ignition

o Adiabat Velocity V

High compression for
pR —trap alphas, and
confinement

PdV power to heat
hot spot

Efficient conversion of
iImplosion KE to hot

Radiative coolin
J spot thermal energy

M Mix Shape S
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Adjustments to laser energy and pulse duration,

along with shock timing, have demonstrated ITFX
~ 0.1 with fuel pR at 85% of ignition goal
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i veoo
Pressure scales with velocity® as expected — but
are low compared to post shot simulation*

Pressure vs. Velocity

| | I I
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seemwmtm - 201200882 | POST shot simulations adjusted to match shock timing and implosion velocity — see later




Another way to look at implosion physics and
performance-Stagnation pressure vs Velocity
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Another way to look at implosion physics and
performance-Stagnation pressure vs Velocity
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Point Design
ITFX~1

First experiments in two years ago
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Before precision experiments the fuel pressure was
~35 times lower than required for ignition and off the
trajectory of interest by a factor of 10
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NIF
Shock timing marked the beginning of the precision
experiment campaign in May 2011
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Experimental plan unfolded during the summer of 2011
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Experimental plan unfolded during the summer of 2011

400

Good slope but low pressure Point Design
350 Possible causes ITFX~1
* Hot spot adiabat
e Cold Fuel asymmetry
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Experimental plan unfolded during the summer of 2011
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Good slope but low pressure Point Design
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4™ pulse shape improved hot spot adiabat
— higher pressure at lower velocity

400
Good slope but low pressure Point Design
35(0F- Possible causes ITFX~1
* Hot spot adiabat ¢ =
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Eliminating coasting—goal was 200 Gbar, on the

trajectory for ignition

400

Good slope but low pressure

Point Design
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Point Design
ITFX~1

No coast drive made it part of the way, to 150 Gbar

400

Good slope but low pressure
Possible causes

* Hot spot adiabat ¢

* Cold Fuel asymmetry
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Increasing velocity increased pressure, but also
Increased mix variability

Good slope but low pressure
Possible causes

* Hot spot adiabat

* Cold Fuel asymmetry . ?
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_NIF
Evidence suggests 3D hydro is a significant factor -
affecting performance of current DT implosions

Low modes High modes
_- - £
-Q IOO.-
200/
.2(3? &
Hot spot surface '°°m W b
« Hohlraum drive asymmetry - Capsule roughness
- Ablator / ice low modes * Dust

How the capsule behaves depends on
- Initial conditions — roughness, dusit, ......... , and growth
« Boundary conditions — hohlraum drive and symmetry
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Neutron activation detectors indicate significant fuel
pR asymmetry ~ 50-100% - May 2012 NNSA review

90Zr(n,2n) = 89Zr
Low order fit to > 13MeV neutron activation signals

Lo_w signal
::)etet(_:tor MN120205-002 Flange-NAD results fit (hlgh fuel pR)
ocations J
4 S | N High signal
60 .. : ®s O (low fuel pR)
o i
= gu\ O i
120 \\ \"_\’ .\
150 S il )il
%% 90 180 270 360
o
* Average pR ~1g/cm?
« ~50% variations
Y/Y e 0.80 0.85 0.90 0.95 1.00 1.05 1.10
e
D —s
NG
ApR +1 g/cm? +500 mg/cm? 0 -250 mg/cm?
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pR distribution from activation detectors consistent -
with longstanding SPEC-E/SPEC-A asymmetry

Activation data can predict neutron
spectrometer (SPEC) signals

Measured vs. predicted neutron
downscattered (pR) signals along 2 LOS
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SPEC-E / SPEC-A predicted by fit
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The large P4 asymmetry has a significant effect
on stagnation

N121004
Bang time 215
- —— um
) & |l N121004
8 “  Bang time
g ~ —300ps
] |

o 400

Sl _2;'2 n'luget pluhzg
800 um Preliminary analysis
Compton
radiograph

800 um & S THD N121005

e Simulations predict significant impact on
performance

 Understanding and correcting this is a focus
of ongoing experiments

 Experiments include longer hohlraums, and
new hohlraum designs

120 pm
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Current experiments continue to study low mode
shape and ablator hydro (N121202)

P4 shape
repeated

2013-046220s1.ppt Moses - Koonin, 12/17/12 54



Low mode asymmetry leads to thin spots in the shell
and results in low pressure and large pR variations —

¢ Adiabat Velocity V

Low pressure

M Mix Shape S
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Thin spots may allow mix to penetrate more easily

Radiative cooling Low pressure

M Mix

20EIW/mfm - 2012-044729s2L2
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Increasing velocity increased pressure, but also
Increased mix variability
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Point Design
ITFX~1

Or some have proposed a high adiabat strategy...

400

350

w
o
o

o-dominated

N
a1
o

150

Pressure (Gbar)
N
o
o

100

350 375

Velocity (km/s)



Two paths to alpha heating have been developed
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Highlights of progress towards ignition

1.855 MIJ
/ ‘,' B 523 TW
i 300:1 contrast

Commission laser
4 Sl al |

330 eV
~85% absorbed energy

s

Blowoff

Gonvrgoncerato 35, | |\ - |Commisson ayere
pR ~1.3 gm/cm? (85% of requirement) P X g P

Vv ~350 km/sec | - 0 v

implosion X (mm)

Pressure ~150 GBar
Y~9e14
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Indirect drive ignition path forward has three elements

Focused experiments: @ Integrated implosions:
understand key aspects of | test new understanding, designs,
ignition target behavior, s 23'5;_ ..and models in integrated implosion

improve predictive capabilitys®, 4

X

« Capsule physics _  Improvements to the point

design

1D implosion

* New hohlraum geometries,
— and alternate ablators

« Fundamental physics
(e.g. EQS, opacity, transport)

Alternate X-ray
drive concepts
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The NIC team has made strong progress towards
Ignition, with yields within a factor of 5-6 of that
required to initiate alpha dominated burn

« Key physics achievements

— Hohlraum T,’s in excess of the 300 eV goal with hot spot
symmetry and shock timing near ignition specs

— Main fuel pR as high as 85% of the ignition goal; hot spot
density must be increased 2-3x for ignition

— Implosion velocities near the point design values of
370 km/sec; mix becomes significant for thinner in-flight
shell widths

— Approximately 10-15% of fusion yield produced by alpha-
heating, with more fusion energy produced than energy put
into the hot spot

e Current experiments are examining low-mode asymmetry and
hydrodynamic instability in further detail

« The NNSA Congressional report outlines an effective path forward
for the ICF Program — LLNL supports the submitted milestones
(modulo budget)
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- Global
- Security

Energy
Effzsts Security
DoD
Non-Ignition
SSP Experiments
NIF nie HED High Yield National
Project Ignition Focjlities =100 MJ )' Security

Applications of Fast/Shock
Ignition ignition

Economic
Competitiveness

Scientific Frontier =

NIF-0208-14427
14CK/cld
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NIC and other recent experiments are showing the way
to a rich scientific future at NIF

Astrophysics

- |ET’s, experimental
platforms & infrastructure

Advanced Fusion Materials Relativistic
Phenomena

2013-04622GaMpapil = NIF-0811-22814a1 Moses - Koonin, 12/17/12



More than 1500 new planets have been discovered,
many so massive they challenge current planet
evolution models
Super-Earths: P___~30Mbar
GJ1214b — A Water Planet? and temperatures ~16000 K

Fe and Ni core Silicate

i’ Core

Material Metallic

\'\ H* (and
> He, He*
— or He*t)

Hydrogen anc
helium?

D Charbonneau et al. Nature (2009)

Planet evolution models depend critically on material
properties at extreme pressure and compression

2013-04622030/ppt = NIF-0611-22206a1 Moses - Koonin, 12/17/12
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NIF ramp compressed diamond to > 50Vbar.recreating
the most extreme conditions in our solarsystem
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NIC diagnostics and other capabilities enable study of
nuclear physics in dense plasmas at NIF
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The workshops identified key areas where
nuclear data were needed

Modeled (n,y) cross sections Nuclear excitation by atomic processes
have large uncertainties are also hard to model accurately

18708
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Mass Number Temperature (keV) Temperature (keV)

-

NEEC or NEET > 10x Radiative, (e,e') NEEC or NEET > 10x Radiative, (e.e")

Kaeppler, Karlsruhe Calculations differ as much as a factor of 10
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NIF provides a unique environment for measuring
neutron induced cross sections

Geometry for collection of First Measurements of
Radioactive Debris activated gold from hohlraum

Polar DIM (0,0) 100000 T557A U, 2n) P89AL

197 ) 198g
100004 h Au(n,y)'#*eAu

1‘;‘I.Au(

1000 - \ &
Equatorial DIM
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—
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—
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£
o
©

£
o
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300 3‘.;0 460
Energy (keV)

Neutron Flux in NIF environment Environment at NIF is unique

« Low energy neutron spectra
determined by temperature
of cold fuel (~200 eV)

« “Room Return”is not an
issue for NIF

» Plasma effects are observed

LANSCE Re SNS  Hohl Capsule :
WNR) N in capsule

Flux (n/s/cm?)
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Nuclear Excitation by Electron Capture (NEEC)
couples high-Z nuclei to the plasma environment

Low-lying nuclear states in high-Z nuclei decay The high e~ flux in some plasmas can populate
almost entirely via internal conversion these states via the reverse mechanism

57.3 keV PNEEC=1 °/o
101 ps

PNEEC=64°/0

NEEC

Resonant atomic transitions can also excite the nucleus (NEET)

26EIM/cid » 2012-04346481




Infrastructure to support NIF as a user facility
is being put in place

Facility management Proposal submission and
and governance evaluation process

-
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FY06 | FYO7 | FY08 | FY09 | FY10 | FY11 | FY12| FY13 | FY14 | FY15

NIF is a unique experimental platform
for multiple missions

| Operate and maintain facility and utility systems

[ [

NIF
| NIF Activation ﬁ Initial Operations ﬁ'
[ | |

| |
NIF Project Complete NIF Complete— Advanced Capability

NIC and [ Ignition Physics Optimization

Ignition

Applications Integrated Ignition Experiments rf & *f
NIC Cosnplete élum Data

W e ?y } I—
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Steve has made major research contributions in a
number of areas; his work continues to influence
fundamental research today

= Strong, early advocate for high-performance computing

= (ot to the heart of nuclei, microscopically and computationally
= Time-dependent Hartree-Fock
= Monte Carlo approaches to the nuclear many-body problem
= Statistical theory of multi-step compound and direct reactions
= Using particle-particle correlations to image heavy-lon collisions

= |nvolved in compelling physics mysteries over the last few decades
= WIMPs and search for Axions
= Solar neutrinos: Fate of ‘Be in the Sun
= Heavy element nucleosynthesis: 1°C(a,y)!°0 reaction in astrophysics

= Climate and other topics
= Quantitative understanding of the Earth’s albedo by measuring
Earthshine on the Moon
= Fusion issues: electron screening, sub-barrier fusion
= Fission and nuclear fragmentation

2013-046220s1.ppt Moses - Koonin, 12/17/12 77



Steve’s leadership in advancing computational
simulation has been important for ICF

= Recognized high-performance computing as critical STEVEN €. KOONIN / DAWN . MEREDIH
to the future of theoretical physics by 1990 COM;’I_?YT»;T&(S}NAL
= Led strong research efforts at Caltech FORTRAN VERSION

exploiting HPC for scientific discovery
= Influenced a generation of theoretical physicists

= Routine 2D and advanced 3D calculations for NIF
ignition are enabled by decades of work on
advanced computing

2013-046220s1.ppt Moses - Koonin, 12/17/12 78



NIF
Influence on nuclear physics is still being felt

u NUC|ear reactions ANMALS OF Fivacs 125, 430476 (1560)

= Statistical theory of multi-step
Compound and dlreCt reaCtionS _ Hersax FEsHmacH,” ARTHUR KERMAN," axD STEVEN Koowis®
Feshbach , Kerman , and Koonin 'Conter for Theorstical Physics, Laboratory for Nuclear Science and Department of Physics,

Munsachusetis fantitwte of Technolegy, Combridpe, Mauacheseits 021 39; amd
"Callformia faatiiate of Techoology, Pasodems, Califormia 91109

Received June 19, 1979

The Statistical Theory of Multi-Step Compound and Direct Reactions*

: S Important early work devoted to understanding
* Solutions to many—fermlonlc systems nuclear reactions, especially (n,X), which is

o Nearly a decade of research arose central to most LLNL programs ~ 600 citations

from a novel Monte CarloapproaCh Calculated level density for 154Dy FuIIy miproscopic
to treat systems inaccessible by i e calculations for the
. ot 1 »*23 | properties of rare-
traditional methods ol ‘wﬁ.c_fff-' { | earth nuclei N ~ 1029
a 10* | },.—:*" 1 | White, Koonin, and
10° Mi—fﬁ-ﬁ-ﬁ;ﬁmu“ Dean PRC 61,
o Swiaks | 034303 (2000)
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Shell model Monte Carlo methods 00 01 02 03 04 05 08

SE Koonm, D, Desn', K Langanic

i Anfogy A Lk, Cohrnt b of Pk, asihes £ 21, i Calculated free-energy for 1#*Ba
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Steve chaired 2 major NAS reviews of ICF: the 1990 revi
established strategic direction for the US ICF Program anigi ‘
the stage for NIF

= Established ignition with a few- MJ
driver as the major goal of the US
ICF Program (vs. previous “LMF”
proposal)

= Defined program strategies and

Review of the activities key to advancing the ICF
Department of Energy’s Program towards ignition
Inertial Confinement Fusion

= Nova Technical Contract to validate
high T, approach to ignition

Final Report = Beamlet

= Omegaupgrade

= Termination of Centurion/Halite

= Lightion fusion metrics

=  “No” to KrF upgrade and further

Program

Members: S. Koonin (Chair); G. Carrier, development of HIF

R. Christy, R. Conn, R. Davidson, J. Dawson, = Establishment of federal advisory

B. DeMaria, P. Doty W. Happer, Jr., G. committee (ICFAC) to review program
Kulcinski, C. Longmire, J. Powell, M. progress

Rosenbluth, J. Ruina, R. Sproull, M. Tigner, R.
Wagner

2013-046220s1.ppt Moses - Koonin, 12/17/12 80




= “Astrong SBSS program, such as
we recommend in this report, is an
essential component for the U.S. to
maintain confidence in the
performance of a safe and reliable
nuclear deterrent under a
comprehensive test ban.”

=  “Such an SBSS program can be
consistent with the broad non-
proliferation goals of the United
States. This requires managing it
with restraint and openness,
including international scientific
collaboration and cooperation
where appropriate...”

Members: S. Drell (Chair); C. Callan, M. = “The NIF is without question the
Cornwall, D. Eardley, J. Goodman, D. Hammer, most scientifically valuable of the
W. Happer, J. Kimble, S. Koonin, R. LeLevier, programs pr_oposed for the SBSS,
C. Max, W. Panofsky, M. Rosenbluth, J. particularly in regard to ICF

Sullivan, P. Weinberger, H. York, F. Zachariasen research and a “proof of principle
for ignition, but also more generally

woses -koonn iz TOT fundamental science.” o

Steve played a significant role in the 1994 JASON
study on stockpile stewardship




Steve chaired 2 major NAS reviews of ICF: the 1997
review examined NIF scientific and technological

readiness and the value of NIF to the SSP

Members: S. Koonin (Chair); D. Arnett,

R. Byer, R. Conn, R. Davidson, A. DeMatrria,
P. Dimotakis, J. Dongarra, R. Falcone,

H. Grunder, H. Kendall, A. Kerman,

S. Orszag, M. Rosenbluth, G. Trilling,

P. VanDevender

2013-046220s1.ppt

Moses -

Koonin, 12/17/12

“In the collective judgment of the
committee, the NIF should stimulate the
scientific imagination and attract
excellent scientists and engineers more
than any other proposed element of
SBSS.”

“The steady scientific and
technological progress in ICF during
the 6 years since the last NRC review,
the plausibility of ignition estimates
based on the experimental and
modeling results and the capabilities in
hand, and the flexibility of the proposed
facility all support the committee’s
finding that the NIF project is
technologically and scientifically ready
to proceed as planned with reasonable
confidence in the attainment of its
objectives.”

“Ignition appears likely but not
guaranteed.”
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The 1997 NAS review also defined E; ., > E|,er @S the
condition for achievement of NIF ignition

Yield and ion temperature of scaled CH ablator targets

| S |
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/
Lo el

NIF plastic capsule
point design (PT)
Yield (MJ) and
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L Lol

—— 1-D capsule simulations of
scale size “S” capsules

0.1 [E(MJ) = 1.3 S3]

EEREL

el

Integrated simulations of
f11ll tarnet

“This curve leads to the operative definition of ignition
adopted by the committee: gain greater than unity.”

1 acser enerav (M.J)

Yield vs. laser energy (from 1997 NRC ICF Review report, p. 10)
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More recently, Steve has led quarterly reviews of NIC
which have been highly effective and influential

NIF Dedication =  “Surprises encountered on the path to

May 2009 ignition make it impossible to predict
confidently the rate of progress on
those issues of greatest concern to the
NIC and so ignition by the end of
FY2012 is not ensured.” (Nov. 2011
report)

The May 2012 ignition workshop arising from these and other
reviews has been very successful in enhancing involvement of
the broader scientific community in NIF ignition
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