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Scientific opportunities in HED science are 
well documented
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HED science is rapidly expanding worldwide

UFL-2M
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Building Future 
Generations of HED 

Scientists

Enabling
Clean Energy

Advancing
Frontier Science

NIF missions

Ensuring
National Security
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BASIC RESEARCH DIRECTIONS
for User Science at the National Ignition Facility

Report on the National Nuclear Security Administration – Office of Science 
Workshop on Basic Research Directions on User Science at the National Ignition Facility

Fundamental science on NIF was addressed most 
recently in a 2011 NNSA/Office of Science report
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 Densities of ~ 103 g/cm3

 Neutron densities as high as 1026

 Relatively large areas at pressures greater than 1011 atm

 Relatively large volumes of matter having temperatures exceeding 
108K

 Relatively large volumes of matter having radiation temperatures 
exceeding 106 K

The same NIF capabilities that are being used in the 
quest for ignition can also be used for basic science
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Workshop summary

8

Only three places in the Universe have produced extremes close to such conditions: the Big 
Bang, when the Universe was born in a primordial fireball; the interiors of stars and planets; 
and thermonuclear weapons. 

Nothing within orders of magnitude of the neutron densities that will be produced in NIF has 
been available for laboratory experiments until now. 

The capabilities of NIF and related smaller high-energy-density research facilities are 
ushering in a new era of investigative opportunities that will have a transformative impact in 
many fields. 

These include planetary and space physics; radiation transport and hydrodynamics; nuclear 
astrophysics; the science of ultradense materials and materials damage; many areas of 
plasma physics; laser-plasma interactions, ultraintense light sources, and nonlinear optical 
physics; novel radiation sources; and other topical areas involving the interplay of 

electromagnetic, statistical, quantum, and relativistic physics.
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From relativistic phenomena to ~ 1 eV condensed 
matter physics- NIF allows a wide range of experiments

Laser Targets

Wide variety of 
pulse shapes, 
w/ few percent 

reproducibility and 
precision (1.855 

MJ/533 TW 
exceeds specs)

Photon and 
particle diagnostics 

w/ high spatial, 
temporal, spectral 

resolution

Diagnostics

Spherical, planar, 
machined 

perturbations, 
exotic materials,..

Simulation

Experimental 
design via target 

and laser 
simulation tools

NIF will also bring an unprecedented new capability-
the ability to study burning plasma physics
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63 target diagnostics enable 
cutting edge science on the NIF

GSIGSI
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Diagnostics are an effective means of enabling collaboration on NIF —

the MIT Magnetic Recoil Spectrometer (MRS) is an important example
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1212
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NIF target shot rate has steadily increased

NIF target shots by fiscal year
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Working to increase the number of days devoted to discovery science 
to 15 to 17 shot days/yr
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A wide variety of fundamental science 
experiments are underway or being planned
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NIF discovery science experiments 
(through June 2, 2014)

Title PI PI Institution FY2009 FY2010 FY2011 FY2012 FY2013 FY2014 Total shots

Carbon and Iron Equation of State T. Duffy/R. 
Jeanloz

Princeton/ 
UC Berkeley

4 3 2 9

Rad-SNRT C. Kuranz Univ. of Michigan 2 1 1 4

Novel phases of compressed 
diamond

J. Wark/ J. Eggert Oxford/LLNL 1 1

Nucleosynthesis and the s-process L. Bernstein LLNL Completed via
~ 60 "ride-along" shots

Rayleigh-Taylor instability and 
astrophysical implications (merged 
proposal)

A. Casner/ V. 
Smalyuk

J. Kane

CEA 
LLNL

1 3 4

Matter at ultra-high densities (merged 
proposal)

P. Neumayer 
R.Falcone

GSI
UC Berkeley

3 2 5

Hydrogen and methane at ultra-high 
pressures (merged proposal)

R. Jeanloz

R. Hemley

UC Berkeley 
Carnegie Institution 
of Washington

Diverging Supernova hydrodynamics T. Plewa Florida State Univ.

Astrophysical collisionless shocks 
(merged proposal)

Y. Sakawa
G. Gregori

Osaka University 
Univ. of Oxford

Relativistic pair plasmas H. Chen LLNL

Total shots 2 1 4 4 7 5 23
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1717



Lawrence Livermore National Laboratory P408840.ppt – Keane – Russia Engagement, 011414
18

Exoplanet core states reach extreme pressures

Experimental data on planetary materials is a critical component in the 
development of planetary structure and evolution models



Lawrence Livermore National Laboratory P408840.ppt – Keane – Russia Engagement, 011414
19

1919



Lawrence Livermore National Laboratory P408840.ppt – Keane – Russia Engagement, 011414
20

Only NIF can measure the highest pressure 
states

Experimental data on planetary materials is a critical component in the 
development of planetary structure and evolution models

Only NIF can 
reach the 
highest states
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Previous H2 EOS experiments are limited to < 
3Mbar

Hydrogen phase diagram

Static
Compression

Prior 
Shock
Expts

• Previous  H2 equation-of-
state measurements are 
limited to <3 Mbar
– Static compression at low 

temperatures
– Shock compression at 

moderate temperature

• New capabilities at NIF
– FY15 will start with cryo

shock to 10 and 20 Mbar
– Submitted LOIs will explore 

PPT and metallic atomic fluid 
at similar pressures but lower 
temperature

New capabilities
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It appears that many materials may adopt complex
structures in high pressure solid and fluid phases

Pressure (Mbar)
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• We now have the 
capability to ramp-
compress materials 
to these extreme 
states, and measure 
stress, density, and 
structure

• High-presssure
electride phases in 
Li, Na were a 
surprise… what 
other surprises await 
us at atomic 
pressures?
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Broader Impact
• NIF discovery science campaigns are on the forefront of experimental 

planetary science

• First four shots on the rampEOS
campaign measured EOS of diamond to 
50 Mbar, 

• Enabling the national (and international) 
community to field first-rate science at 
the NIF will increase the broader 
interest in HEDP, and lure excellent 
scientists to the field and the lab
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The pressures we consider approach the 
atomic unit of pressure

The atomic unit of pressure is the pressure required to “seriously disrupt the 
shell structure of atoms” (Bukowinski,1994)

D. Hicks
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NIF has been used to “shocklessly” 
compress carbon to 50 Mbar

NIF can now recreate the most extreme planetary core 
states in the solar system

Omega
ramp

Ramp compressed carbon on NIF to 50 
Mbar

S
tre

ss
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Compression
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R.F. Smith, J.H. Eggert, D.G. Braun, J.R. Patterson-1, R.E. Rudd, R. Jeanloz, T.S. Duffy, J. Biener, A.E.Lazicki, A.V. Hamza, J. Wang, T. Braun, L.X. Benedict, P.M. Celliers, 
G.W. Collins
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The CEA/LLNL Ablative Rayleigh-Taylor collaboration 
has conducted two shots in 2013 (March 2013 data 
shown)
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GXD on the polar dim 
obtained high-quality 
data

GXD on the 90-78 
measured hohl
bakground
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The NIF GBar collaboration (UC Berkeley-LLNL) is
exploring EOS and material properties at P~ 1 GBar

Schematic of x-ray scattering and radiography 
from spherically driven targets, Side View
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on upcoming experiments
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UC Berkeley and LLNL researchers are measuring equation of state
in the Gbar pressure regime via NIF implosions of solid plastic capsules

Absolute shock Hugoniot
measurements of plastic equation of state 

1
Mass Density [g/cc]

2 3 4

Pr
es

su
re

 [G
ba

r]
10-3

10-2

101

10-1

10-4

100

Streak record from July 1, 2013 
NIF implosion experiment

radius (mm)

Ti
m

e 
(n

s)

6

4

8

10

2

Shock 
Front

00.5 0.51.0 1.0

Implosion 
stagnatio

n 1 Gbar
Physics 
Goal

N130701

On N130701 we obtained absolute shock Hugoniot measurements for CH 
up to 720 Mbar, increased from 450 Mbar on N130103
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Neutron flux in NIF imploded capsules 
is comparable to supernovae

The high e,  and n-flux in a NIF capsule might allow 
us to explore reactions on short-lived nuclear states

Hot, Dense 

Short Duration
Dt≈10-11 ps

Reactions on
excited states

Charged-particle
reactions r≈10-1000 

g/cm3

kT=1-100 keV≈1017-22cm-2

High 
Neutron Fluence

The NIF nuclear diagnostic team has 
obtained data from 58 “ride-along” 
experiments
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Laser driven experiments can study 
microphysics of high Mach number plasma 
flow interactions and collisionless shock 

formation under controlled conditions

High velocity plasma flows are ubiquitous in astrophysics and 
are believed to be responsible for seed magnetic fields and their 
amplification

Amplify magnetic fields:
Turbulence dynamo is a possible mechanism

B-field vectors and optical image 
(Hubble) of M51

Fletcher, MNRAS, 2011

X-ray Image of SN1006, 
exploded 1003 years ago

n = 1 cm-3

T = 15 keV
(Cassam et al., ApJ 680, 1180, 2008)
(Bamba et al., ApJ, 589, 827, 2003)

Generate magnetic fields:
Weibel is a possible mechanism

Weibel mediated 
density filaments

Spitkovsky, ApJ, 2009 

filaments

voids

clusters

Ryu, Science, 2008 
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Laser experiments can create conditions that are scalable to 
astrophysical phenomena, a Weibel mediated collisionless shocks is 
an example

3
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• Anisotropy in velocity forms plasma instabilities (Weibel filamentation)
• Current filamentation generates localized magnetic field
• Magnetic fields exert the Lorenz force F=q (vxB), on ions
• The ion trajectories in the interpenetrating flows are sufficiently interrupted (localized) 

that a shock is formed
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NIF collisionless shock experiment under development 
builds on results from Omega/EP showing unexpected self-
organizing stable field structures

3

Fast 
plasma

Fast 
plasma

CH2

8 mm
Kugland et al., Nature Physics, 2012

Proton 
probe

• We have obtained visual evidence 
that small-scale plasma processes 
make macroscopic field structures 
(self-organization) (N. Kugland et 
al, Nature Physics, 2012)

• Magnetic field advection may 
explain this phenomenon (D. 
Ryutov et al., PoP, 2013)

0 ns

3.7 ns

5.2 ns
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The NIF ignition program also provides 
opportunities for scientific collaboration

We welcome and encourage the broader scientific community to
engage in the ignition science program
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LLNL collaborates with the  UK and France via long-
standing government-to-government agreements

UK

RAL
AWE

US-UK 1958 
agreement: HED 

science on NIF, IFE, 
laser technology, 

other areas

B-III

CESTA
Grenoble

Valduc

France

DOE-CEA laser, 
computing, and 

fundamental science 
agreements
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Overview of NIF and JLF user group membership

NIF User Group membership
(Approximately 400 members total)

Universities
US

Other
National

Labs & Feds

Private
Sector

InternationalLawrence
Livermore

National Lab



Lawrence Livermore National Laboratory P408840.ppt – Keane – Russia Engagement, 011414
37

Elements of NIF as a user facility
Proposal submission, 

evaluation, award
Site access, office 
space, computer 

access

User infrastructure 
(data access,…)

Experimental planning 
and execution

Data analysis and 
post-experiment 

support

Facility management 
and governance
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The process for allocation of NIF facility time is 
described in the NIF Governance Plan
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NIF governance process includes facility and 
technical peer reviews

Call for 
proposals

Results distributed to
programs and facility

NNSA/
senior 
mgmt. 

guidance

Facility 
Readiness 
Committee 

(FRC) review Peer 
Review 
Panel 
(PRP) 
review

Senior 
mgmt. 

approves 
Facility 

Use Plan

NIF Director 
assembles 
Facility Use 

Plan

Program 
submits 

exptl. plan
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2014 NIF/Jupiter User Group meeting had ~ 200 
attendees, including 55 student/postdoc attendees 
supported by NNSA and the DOE Office of Science
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External User Resources
User website: https://lasers.llnl.gov/for-
users
• NIF Calendar
• Target Metrics
• Annual User Group Meeting
• User Guide
• Call for Discovery Science 

Proposals issued May, 2014 with 
awards being issued in December, 
2014 

Journal Articles:
• https://lasers.llnl.gov/science/journal

-articles

• Inquiries for User Office
• nifuseroffice@llnl.gov
• (925) 422-2179




