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Scientists have more reasons than ever to understand matter at
extreme conditions

New Materials? Radiation  Plasma Astrophysics

Pl i
anetary Science FHydrodynamics

Rocla Silicate
Mantle

Proton-proton | chain

= Laboratory Fusion

Stockpile Stewardship Nuclear Physics Potential for Inertial Fusion Energy
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The increased interest in HED science can also be seen in the
world wide growth of publications

0 HED articles in high impact factor journals
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Impact factor > 10, e.g. Nature, Science, etc., Courtesy of Rulon Lindford )
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The US has 4 world leading capabilities for studying matter at
extreme conditions

National Ignition
Omega Laser Facility Facility

U. Rochester

Linear Coherent Light
Source SLAC

These investments all
came online in the 2007-
2009 timeframe

The rest of the world has
significantly accelerated
investment in this area
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NIF recently celebrated its 10t anniversary of operations and has
conducted 2800+ target experiments to date (~2000 since FY15)

Program distribution of NIF shots FY15-FY19 DISTRIBUTION OF NIF USERS FY15-FY19

Inertial Confinement
Fusion, 601

Facility

Facility, 208

University, University

211

DOD

1
DOD, 166 AWE LLNL

U of R LLE
SNL

High Energy Density Science, 787

« HED Science needs for the Stockpile Stewardship Program will keep NIF, Omega,
and Z busy for the next 10 years

« 2020 review by NNSA and by the JASONSs will help provide guidance for next
steps in pursuit of fusion ignition
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Experiments on NIF have lead to over 800 publications, many in
some of the most prestigious journals

nature
LETTERS physics

https://doi.org/10.1038/541567-018-0331-5

natre

astronomy
2R’

Enhanced energy coupling for indirectly driven
inertial confinement fusion

Y.Ping®™, V. A.Smalyuk’, P. Amendt’, R. Tommasini', J.E.Field', S.Khan', D. Bennett', E. Dewald',
F.Graziani', S.Johnson', O.L.Landen', A.G.MacPhee', A.Nikroo', J.Pino', S.Prisbrey’, J.Ralph’,
R.Seugling’, D. Strozzi', R.E. Tipton', Y. M. Wang ©, E. Loomis?, E. Merritt? and D. Montgomery?

INSIE

«JUPTTERS

TREGEANT PLANET S INTERIOR REPLICATER AT THE
B5 RATIRNAL ISNITIRN FREILITY

Recent experiments in the study of inertial confinement fusion
(ICF) at the National Ignition Facility (NIF) in the United
States have reached the so-called alpha-heating reg|me‘ 3 in

Efficient energy coupling would benefit both the mainline cen-
tral-hot-spot (CHS) approach, where a hot spot initiates the thermo-
nuclear burn, and a complementary scheme for volumetric ignition

which the self-heating by fusion
with neutron yields now ding 1x10% (ref. %) ver,
there are still challenges on the path towards ignition, such

using double-shell (DS) capsules'. In the latter, a high-Z inner shell
is added to provide high inertial confinement and efficient radia-
tion trapping. The DS approach generally provides less gain than

Gosshark
PHYSICS OF PLASMAS 25, 092708 (2018) @ ‘

Probing the seeding of hydrodynamic instabilities from nonuniformities
in ablator materials using 2D velocimetry

S.J. A" P, M. Cellers,' S. Haan," T. R. Boehly,” N. Whiting,* S. H. Baxamusa,'

H. Reyolds, M. A- Johnson," J. D’ Hughes, "B, Watson,” H. Huang," J. Biener,
K. Enge\harn V. A. Smalyuk," and O. L. Landen’
‘Lumum Livermore National Laboratory, 7000 East Aven
Laboratory for Laser Energetics, University of Rochester, 2.

e, Livermore, California 94550, USA
Cast River Road, Rochester, New York 14623,

PRL 112, 025002 (2014) PHYSICAL REVIEW LETTERS

Measurensents of an Ablator-Gas Atomic Mix in Indirectly Driven
at the National Ignition Facility

VA Smabywll RE Tipeoa LE Peo” DT Casey.” G P Grim” B A Rossingnn br
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In The
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HIGH-PRESSURE PHYSICS the choice of exchange-correlation functional
used and whether zero-point energy is accounted
oy . for (7, 16). Quantum Monte Carlo (QMC) calcu-
Insulator-metal transition in dense lations should provide improved bounds on the
N N transition pressures (16, 17), although they dis-
ﬂuld dellterlum agree with a recent benchmarking experiment
(30). Transition pressures for hydrogen and deu-
terium are expected to be different because of
Peter M. Celliers'*, Marius Millot', Stephanie Brygoo®, R. Stewart McWilliams®, isotope effects, but with a small relative magni-
Dayne E. Fratanduono’, J. Ryan Rygg"*, Alexander F. Goncharov®, Paul Loubeyre?, tude. The transition in deuterium from QMC
Jon H. Eggert', J. Luc Peterson’, Nathan B. Meezan', Sebastien Le Pape’, simulations is 30 GPa higher than in hydrogen
Gilbert W. Collins™*, Raymond Jeanloz®, Russell J. Hemley” at600 K, decreasing to 10 GPa higher at 1200 K
(16). Despite experimental support for a first-
Dense fluid metallic hydrogen occupies the interiors of Jupiter, Saturn, and many order IM transition (19, 20, 22, 23), the critical
extrasolar planets, where pressures reach millions of atmospheres. Planetary structure point has not been experimentally identified.
models must describe accurately the transition from the outer molecular envelopes to the Furthermore, the broad discrepancies in the mea-
interior metallic regions. We report optical of sured transition pressure (20, 22, 23) and character
fluid deuterium to 600 gigapascals (GPa) that reveal an increasing refractive index, the (20-23) have made resolving the differences be-
onset of absorption of visible light near 150 GPa, and a transition to metal-like reflectivity | tween the theoretical models challenging.
(exceeding 30%) near 200 GPa, all at temperatures below 2000 kelvin. Our measurements We completed a series of five dynamic com-
and analysis address existing discrepancies between static and dynamic experiments for | pression experiments at the National Ignition
the insulator-metal transition in dense fluid hydrogen isotopes. They also provide new Facility (NIF) to probe the IM transition up to
for the i ions used to construct planetary models. 600 GPa at temperatures ranging from 900 K to
1600 K. The experiments were carried out using
168 laser beams to deliver up to 300 kJ of ultra-
aet cmbe omamo- | properties below 2000 K and up to several hun- | violet light that drove a near-isentropic reverber-
17 AN Y14 .
alathigh | dred GPa. acryogenicliquid d
ingfocus |  Dynamic compression can explore a broad | sample. We adjusted the time dependence of the
e(2).The | rangeof thermodynamic paths with time-varying | laser delivery (pulse shape) to control the com-
Tnsplenions tiesofthe | manipulations of the applied pressure and con- | pression sequence imposed on the sample e
veloc-
istory
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wn How high energy fluxes may affect Rayleigh-Taylor
i» instability growth in young supernova remnants
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198+ Articles in Physics of Plasmas, frequently the most cited articles in that journal
950+ Articles in Physical Review Letters
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NIF is being used by stewards at all 3 labs and delivering the data
needed for the Stockpile Stewardship Program

= Stockpile Modernization Program design
options

= Improving our understanding of weapons
science
— Plutonium properties at high pressures
— Radiation transport
— Complex hydrodynamics
— Nuclear survivability

= Pursuit of ignition
— lgnition is gateway to high fusion yields,
which enable higher energy density
environments for higher fidelity testing
— Practice the ART of design

= Workforce
— Attracting, Training, and Challenging
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New measurements and understanding highlight degradation
mechanisms in ICF implosions. As degradations are being
understood we can work to address them
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For many shots few % level variation in the distribution of laser energy
correlates with the holes in the cold fuel shell and the motion of the

hot spot that degrades implosion performance
Zirconium samples e.g. N180311 Laser only

mounted to ports g 89
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MacGowan / Rinderknecht / Landen

Laser to capsule
model to calculate
drive asymmetry

Y(Q) = Y’)‘,—;rl\’iﬂ)(a,,, )/ mpy

Work is underway to study pathways to improve the NIF laser power balance
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New diagnostics are enabling the study of mixing at the DT
fuel-ablator interface

e

0.5% density variation
1um grains
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boundaries boundaries
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We are studying the impact of microstructure on implosions, and
exploring amorphous ablator materials
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3D simulations matched to many pieces of NIF data, can shed
light on sensitivities to various degradation mechanisms

N170601 N170821 N170827

log(Yield) Tion (keV) DSR (%) Nuc.BW (ps) Nuc PO (um)
156 16 164 4 5 6 25 3 3.5 4 50100150 25 30 35

i BN B

N170821 + ‘ O O ‘ O ‘ ‘ O O 1o
O 26
N170827 O ® ® 3o+

data + error
e |

D. Clark, et al.
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3D simulations, matched to many pieces of NIF data,
can shed light on sensitivities to various degradation

mechanisms

6x10'6

5x1016 -

4x10'6

3x10'6

Y13-15 MeV

2x1016

1x1076 |

mix/pre-heat fill tube 3-D asym all 3-D expt.
degradation mechanism

Simulations plus new measurements are providing a
basis for the next steps in pursuit of ignition

D. Clark, et al.




We fired our first magnetized target on NIF in May in support of
Sandia’s MagLIF campaign.
Magnetized DT layered experiments will be explored

181230 (no B)
8.3 ns 6.3 ns 4.3 ns

%
~8 stripes” ~6 stripes ~4 stripes
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As part of the APS DPP CPP, consideration should be given to
reconstituting a small inertial fusion energy effort

U.S. is clear world leader in HED, thanks to NNSA investments

NNSA-SC partnerships have been very fruitful (e.g. Exascale)

AN ASSESSMENT OF THE PROSPECTS FOR

INERTIAL FUSION ENERGY

Current US leadership in HED research stems, in part, from
historical pursuit of IFE

 Attracted great people

* Drove innovation

IFE has very different risks/rewards compared with MFE

IFE is a multi-decadal endeavor, requires innovation to enable
economical energy source. Program would greatly add to
* Innovation
» HED research foundations (better theoretical
understanding needed, long term perspective, ...)
» Workforce development
» Future HED capabilities (e.g. rep-rated drivers, ...)

Lawrence Livermore National Laboratory N A‘S:-“'; 14
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FES is exploring creating a world-leading HED science capability
by coupling improved rep-rated lasers to LCLS

eENERGY MEC Upgrade achieved Critical Decision-0

Office of Science in January 2019

Access tunnel | Target area |
(new excavation) (new excavation)

* FESis considering an MEC
petawatt laser facility
upgrade

* Mission Need (CD-0) approval
achieved in FY 2019

* Addresses a recommendation
in the 2017 NAS report
Opportunities in Intense -
Ultrafast Lasers: Reaching for | expanded MEC ‘ = 4
the Brightest Light "

l LCLS X-ray beam _

@ Allocated for the project in FY 2019
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2018-00055.ppt — Larson — ERC — December 6, 2018 Natans Newdoar Sowaarity Addonmss b siuas




The 192 beam, 2.8 MJ 2®m UFL-2M is well underway in Russia

“Experiments that were conducted on
a NIF facility in the United States
showed that the system could not
provide the necessary uniformity of
irradiation of the capsule. Our
irradiation system is different, it is
almost spherically symmetrical. Having
previous experience with the
experiments, we have every chance to
achieve the desired (ignition of
thermonuclear reactions in targets)
first in the world.”

Academician Sergei Grigoryevich
Garanin, director of the Institute of
Laser Physics Research at RFNC-VNIIEF.

April, 2019
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The Chinese currently have the second most energetic laser in the
world and are actively talking about building Shenguang IV a “facility
for ignition”

X/

*¢ Introduction

e High power laser in China

. y N
G AEEERELL

Currently in China, there are laser Shensuane-Ill
facilities of kJ class, 10kJ class, & 5

and 100kJ class with the capability LFRC
of carrying joint experiments with 3m,, 180 kJ, 48 beams
PW beam.

Shenguang-Il UP

SIOM
20kJ/3ns & PW/ ps

Shenguang-I

SIOM

LFRC 3®,, 12 kJ, 8 beams

+ A variety of high energy density experiments can
be performed on these platforms.

= *The energy scale of SG-lll laser facility fills the gap

between Omega and NIF which provides great

opportunities to study the “missing” physics in

SIOM 3m,, 2 kJ, 8 beams extrapolating the acknowledge learned on Omega to

that on NIF, and to increase the reliability of the
ignition target design

IFSA2017

Lawrence Livermore National Laboratory INVYSE v
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