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Outline

1. Introduction: possible astrophysics spin-offs from ICF?
 (ICF vgs courtesy of Dan Casey and David Schlossberg)

2. Discovery Science on NIF

 (a) Nuclear science

 (b) Materials science

 (c) Hydrodynamics

 (d) Plasma physics

3. This will be a survey talk
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The past few years mark a historic turning point for HED ς 
We now have an igniting plasma in the laboratory! 

GLCL = ppeakt
.Hό¢ύҔ мΣ ǿƘŜǊŜ Iό¢ύ ƛǎ ŀ άŎƻƳǇƭƛŎŀǘŜŘ ŦǳƴŎǘƛƻƴ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƳƛȄ ƭŜǾŜƭ ƛƴǘƻ ǘƘŜ Ƙƻǘ ǎǇƻǘέ

GLCL = (p/420Gbar)(Rhs/50mm) > 1), Abu-Shawareb (2022)

Generalized Lawson Criteria for Inertial Confinement Fusion ignition:

H. Abu-Shawareb et al., PRL 132, 065102 (2024).

H. Abu-Shawareb et al., PRL 129, 075001 (2022).

O. A. Hurricane et al., PRL 132, 065103 (2024).

O. A. Hurricane et al., PoP 28, 022704 (2021)(Vgs courtesy of Dan Casey)

Target gain has been 
demonstrated 5 times now on NIF 

M.D. Rosen, PoP 31, 090501 (2024), ñThe long road to ignition: an eyewitness accountò 



LLNL-PRES-850405

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 

National Laboratory under contract DE-AC52-07NA27344. Lawrence L ivermore National Secur ity, LLC

Inertial Confinement Fusion, rampant instabilities at 
pressures > 500 Gbar, and yet it burns

Daniel Casey

On behalf of the NIF indirect drive collaboration

HEDLA 2024 banquet talk

Tallahassee, Fl 

May 29th, 2024
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LLNL-PRES-850405

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 

National Laboratory under contract DE-AC52-07NA27344. Lawrence L ivermore National Secur ity, LLC

This is what 5.2 MJ looks 
like in the laboratory:

What can we learn from it?

How can we use it?

HEDLA-2024 Conclusion
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Hydrodynamic simulations of thermonuclear flame-fronts, and the deflagration to 
detonation transition are important for understanding Type-1A supernovae (SN-1A)

[S.C. Leung, MNRAS 454, 1238 (2015)]

A Type Ia supernova (SNIa) is the explosion of a carbonïoxygen white dwarf (WD) 

due to accreting matter from a companion star until reaching thermonuclear runaway

[ñDirect numerical simulôs of Type-1A supernovae,   

I. The Landau Darrieus Instability,ò Bell, Woosley, 

    Zingale et al., Astrophys. J 606, 1029 (2004).]

[ñDenotation from failed deflagration (DFD) model for 

Type-1A SNeò, D. Kasen & T. Plewa, Ap.J. 662, 459 (2007)
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LLNL-PRES-850405

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 

National Laboratory under contract DE-AC52-07NA27344. Lawrence L ivermore National Secur ity, LLC

This is what 5.2 MJ looks 
like in the laboratory:

What can we learn from it?

How can we use it?

HEDLA-2024 Conclusion
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Burn front unstable to 
Landau-Darrieus instability
in a Type-1A supernova?
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Core-collapse (Type-2) supernova simulations also suggest strong
hydrodynamic instabilities leading to hydro mixing and turbulence

[Gerard Navo, Darmstadt, Core-collapse supernova 

simulations with  FLASH,  Ap.J 951, 112 (2023) ]

[A. Burrows, Princeton, MNRAS 491, 2715 

(2020), simulations with  FORNAX 3D code]

500 km 

Isentropy surfaces of a 25-Msun model, 

at 390 ms after core-collapse bounce
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Discovery Science on NIF
8% of NIF facility time goes to Discovery Science,  which leads to ~30-40 shots/yr

The areas of Discovery Science research correspond to nuclear science, 
materials science, hydrodynamics, and plasma physics.

A few examples from each area will be shown.

Nuclear science Materials science and EOS

Hydrodynamics and turbulence Plasma physics
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Nuclear science

Diffractions images on the same NIF shot at 
two different times and two different pressures

m
Area   area

Momentum/area = 

Nuclear

Johnson, Frontiers in Physics, 

science

The sun
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Nuclear
scienceProgress towards the first plasma-electron screening nuclear experiment on NIF
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[D. Casey, Nat. Phys. (2017); and Frontiers in Physics (2023)]
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Nuclear
science

Progress towards the first plasma-electron screening nuclear experiment on NIF
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[D. Casey, Frontiers in Physics 10, 105760 (2023)]
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Materials science

The sun

High pressure materials science

Materials
science
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Ramp compression of diamond to 5 terapascals (TPa) on NIF

[Smith, Nature Astron. (2018)]
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Diffraction experiments on ramp compressed diamond to 18 Mbar on NIF observed

no phase transitions (no BC8), at least for the ~10 ns duration of the experiments
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[R. Rygg, RSI 91, 043902 (2020)]
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[A. Lazicki et al., Nature 589, 532 (2021)]

NIF laser drive
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[R. Smith et al, Nature (2014), VISAR experiments on NIF]
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ñExtreme metastability of diamond and its transformation 

to the BC8 post -diamond phase of carbonò

[Nguyen-Cong, 

I. Oleynik et al., 

J.Phys.Chem.Lett (2024)]
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The melt curve of iron (Fe) was measured at pressures up to 
1000 GPa (10 Mbar) using time resolved diffraction on NIF

[R. Kraus et al., Science 375, 202 (2022)]
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m
Area   area

Momentum/area = 

Kritcher, Nature 584, 51 (2020);
Döppner, PRL 121, 025001 (2018).
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A measurement of the shock driven equation of state of  C9H10 to near-Gbar 
pressures, relevant to carbon envelopes of white dwarfs, was carried out on NIF
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Be was studied in NIF Discovery Science experiments at dense plasma 
conditions up to 3 Gbar (300 TPa) pressures using XRTS (x-ray Thomson scattering)

[T. Döppner, Dirk Gericke et al., Nature 618, 270 (2023)]
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m
Area   area

Momentum/area = 

et al., Nature Com. 9, 1564 (2018)]

Hydrodynamics A DS platform that can probe the properties of the deep interiors 

of exoplanets has been developed on NIF

CoRoT-7b is a super-Earth exoplanet that orbits a K-type star, and has a mass of ~4.08 x ME.

CoRoT-2b is a gas giant exoplanet that orbits a G-type star. Its mass is 3.47 Jupiters, it takes 1.7 days to complete one orbit of its star.

Kepler-10 b is a super Earth exoplanet that orbits a G-type star. Its mass is 3.26 Earthôs, it takes 0.8 days to complete one orbit.

HAT-P-2b is a gas giant exoplanet of mass 9.02 x mass of Jupiter, and that orbits an F-type star (that is bigger and hotter than the sun). 

GJ-1214b is a mini-Neptune like gas giant exoplanet that orbits a red dwarf star 40 light years (LY) from Earth
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[D.C. Swift, J.H. Eggert et al., ñMass-radius relationships for exoplanets,ò Ap.J. 744, 59 (2012)]



remington_HEDS_seminar_2024_v5.pptx;21

Hydrodynamics and turbulent flows
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et al., Nature Com. 9, 1564 (2018)]

Hydrodynamics



remington_HEDS_seminar_2024_v5.pptx;22

It appears we are not the only ones interested 

in turbulent flows and mixing

[ Leonardo da Vinci, circa 1500]

[Ye Zhou et al., PoP 26, 080901 (2019)]

[Ivan Marusic & Susan Broomhall, Annual

 Rev. Fluid Mechanics 53, 1-25 (2021)] [A. Colagrossi et al., Phys. Fluids 33, 115122 (2021)]

Hydro 
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We are not the only ones interested in turbulent mixing

[Ye Zhou et al., PoP 26, 080901 (2019)]
< https://www.moma.org/collection/works/79802 >

Hydro 
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Hydrodynamics

m
Area   area

Momentum/area = 

et al., Nature Com. 9, 1564 (2018)]

Müller, Fryxell, and Arnett,
Astron. Astrophys 251, 505 (1991)

Core collapse supernova simulation for SN1987A

Hydrodynamics

t1 =3039 s
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Hydro

K. Kifonidis, AA 408, 621 (2003)

Core collapse supernova simulation for SN1987A predicts large
scale, deep nonlinear RT evolution from the core outwards 
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Hydro

K. Kifonidis, AA 408, 621 (2003)

Core collapse supernova simulation for SN1987A predicts large
scale, deep nonlinear RT evolution from the core outwards 
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Radiative shock stabilized Rayleigh-Taylor (RT) instability experiments 
are being carried out on NIF through the Discovery Science program

t = number of classical RT e-foldings = ñgRT(t).dt, where gRT(t) = [A(t).k.g(t)]1/2 

[C.C. Kuranz et al., Nature Com. 9, 1564 (2018)]
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Unique regimes of turbulent hydrodynamics observed reduced thermal 
conductivity  due to micro turbulence on NIF. Is there a useful follow-on exprmnt?
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J. Meinecke, D. Lamb et al., Sci. Adv. 8, eabj6799 (2022)P. Tzeferacos et al., NIF User Group Mtg (2024)
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